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Foreword 


TliP  jniblioiition  of  this  volv.iue  on  Ar(hfoix)(ll)0)-iip  Diseiises  Otliei'  'riiiiii 
Mnliiriii  completes  the  preventive  iue<liciiie<li«niKsion  on  connimniciihle  diseiises 
in  tills  historical  series  of  AVorld  War  II. 

In  chapter  I,  Introduction,  the  hite.  Dr.  Ilenrv  S.  Fuller,  (’’Iiief  of  the 
Dejnirtinent  of  Rickettsial  Diseases  at  the  AValter  Reed  Army  Institute,  of  Re¬ 
search,  Wa.sliiii^toii,  D.C.,  has  stated  succinctly  many  of  the  ontstandinj;  mut¬ 
ters  alKiiit  which  I  would  connnent  had  not  Doctor  Fuller  already  done  so  in 
a  practical,  down-to-earth  luanner.  He  has  splendidly  set  the  keynote  for  the 
succeedinjr  cluipters  in  this  book.  Throupdiout  the  entire  volume,  the  reader 
will  likely  hold  in  one  hand  at  all  times  the  (lotential  hazard  of  infection  with 
arthroporlborne  disease,  while  in  the  other  he  holds  the  key  to  either  success  or 
failure — the  effwtiveness  of  military  preventive  medicine. 

As  is  true  with  all  volumes  which  have  been  published  in  the  historical 
series  of  the  Medical  D,  ^lartineiit,  F.S.  Army  in  World  War  II,  the  knowledge 
contained  in  this  liook  is  of  great  im|K)rtaiice  today  not,  only  to  the  .Vi-med  Forces 
but  also  to  all  of  our  Nation's  health  resources,  as  well  as  to  others  who  are 
attempting  to  preserve  the  jieace  and  to  improve  the  lot  of  man  in  far-flung 
areas  of  the  world. 

To  all  those  engaged  in  the  various  health  fields  and  particularly  to  those 
whose  continuous  responsibility  it  is  to  maintain  and  improve  the  health  of  our 
military  and  civilian  ])ersonnel,  at  home  and  abroad,  this  volume  is  of  inesti¬ 
mable  value.  For  those  persoiiiiel  of  our  iiiilitiiry,  of  other  goveriiiiiental 
agencies  and  of  privately  siipporteil  medical  activities  who  are  now  or  at  some 
future  period  may  tie  engaged  in  furthering  the  general  advniireinent  of  our 
people-to-people  program  in  those  areas  of  the  world  which  we  think  of  as 
underprivilegeil,  and  for  which  great  eflbrts  are  being  made  to  improve  their 
national  health  and  well-lieing,  this  volume  should  be  nii  essential  text.  Medi¬ 
cal  officers  and  practicing  physicians  in  the  fields  of  preventive  medicine  and 
internal  medicine  will  wish  to  consult  and  read  this  text  which,  although  histori¬ 
cal,  is  a  gold  mine  of  information  of  current  value. 

As  I  read  the  book  manuscript,  I  was  impressed  again  and  again,  as  I  have 
been  many  times  during  my  own  long  military  career — and  particularly  in  iny 
position  ns  The  Surgeon  General  which  has  required  extensive  travel  to  many 
areas  of  the  earth — with  the  existing  and  potential  inridence  of  the  arthropod- 
borne  diseases  amongst  the  {lopulatioiis  of  a  large  port  of  the  world,  including 
the  so-called  developed  nations.  "We  in  the  Army  Meilical  Service,  as  well  as 
in  our  sister  services,  have  given  great  thouglit  and  attention  to  these  health 
and  military'  problems.  These  diseases  have  oconpieil  the  time  and  best  efforts 
of  many  in  our  field  surveys,  reseiindi  labonitories,  hospitals  and  dispensaries, 
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classi'ooiii.s  and  hoiir<l.s  iiiid  of  This  is  (>qiiidly  Inip 

of  llie  liijilier  oftires  <if  (■overiiiiipiit  and  Ilic  hulls  of  C'oiijjrvss.  T\i  ihe  hiMer 
we  iii-e  <hH‘|)ly  ^rniiefnl  for  die  iiiiderstniidin;r  iipproia-iiiiion  of  funds  for  ilie 
rout iiiiiiil inn  of  niiiny  slinlies  and  reMSirch  Ih'^iiii  liefore,  or  diirini;.  World 
Wnr  1 1,  or  <xintinne<l  I  hereafter  ami  dire«‘ie<l  lowaiil  I  he  eradication  or  control 
of  such  <lev;ustat  inn  diseases  as  e|ii<leiiiic  k'mI  ninrine  ty|ihiis  fevers,  scnih  ty|>liiis, 
denn<>f<  |)lapne,  yellow  fever,  lilariasis.  ami  oihei-s. 

When  confrontesi  with  these  comlitions  in  World  War  II,  many  niislical 
oflicei's  ha<l  no  real  ]tre\'ions clinical  e.\|M>rieiu‘e  with  ihein.  Old  knowhslpe  had 
to  l>e  releariie<l,  new  kiiowledpe  liatl  to  Im‘  piinetl,  and  IkiIIi  hail  to  lie  a|>|ilie4l 
in  the  siliiations  at  hand.  Likewise,  it  was  with  connnanders  of  .small  and  liirpe 
bodies  of  trmijis  who  faihsi  at  lirst.  to  lake  .si'rioiisly  the  iirtnal  in>|>aci  w  hich 
these  diseases  conkl  ainl  wonhl  have  iumn  the  coiiihai  effectiveness  of  their 
truo|)s.  It  was  iin|>eriilive  that  laith  nietlical  officers  ami  eonmniiiders  lie  ori- 
enled  an<l  indoetrinalesl  aeconlinply. 

The  fnrsiiihtediiess  which  the  late  llrip.  (?en.  dames  Stevens  Simmons, 
wai-time  Chief  of  the  Army’s  Preventive  Medicine  Service  and  Dr.  Fiwnris  ti. 
Idiike,  Dean  of  the  School  of  Metlicine,  Yale  rniversity.  deinonstm^ed  in 
estahlishinp  the  Board  for  the  Invest if!:nt ion  and  Control  of  InHneiiza  and 
Other  Kpidemic  Diseases  in  the  Army  (later  eiiHetl  the  .Vrmy  KjiitleniiolopicRl 
Board)  went  far  in  providing  tlie  ex|)ert  ns.sistnnce  in  the  direction  and  control 
of  iniiny  of  these  conditions.  Various  memliers  of  this  Board  and  its  ooni]X>neiit 
commin^iniis  conducted  iiivalnable  field  work  in  practically  all  areas  of  the 
world  where  our  troops  were  located,  as  well  as  in  many  university  lalmratories, 
makiiip  possible  the  technical  knowledpe  which  was  then,  and  is  now,  utilised 
by  tlie  Mevliral  Dejmrtmeut  |iersonnel  in  the  recognition,  the  eontrol,  and  the 
treatment  of  these  diseases.  Too  nmeh  cannot  be  said  in  recognition  of  and  for 
the  jKisitive  contributions  made  by  the  Army  Epidemiological  Ikiard  and  also 
the  I’nited  States  of  America  Typhus  Commission,  the  latter  being  established 
by  Executive  order  of  President  Rixwevelt  in  Decemlier  11)4‘2.  It.  was  most 
appropriate  for  Brig.  Gen.  Stanhope  Bayne-Jones,  MC,  T^S.VR  (Ret.),  to 
discuss  the  activities  of  this  most  important  body  in  rhapter  X  of  this  book. 
No  discussion  of  typhus  fevers  in  World  War  II  ronld  be  complete  w  itiioiit  an 
account  of  the  active  role  undertaken  by  the  Typhus  Commission.  The  unique¬ 
ness  of  its  organization,  its  personnel  of  highest  professional  caliber,  and  the 
control  and  operation  with  full  support  from  highest  governmental  eircles  made 
possible  a  most  effective  agency  in  the  control  of  tyi)hu8  fever.  General  Bayne- 
Joncs  writes  not  only  from  a  background  complete  with  knowledge  of  the 
typhus  fevers,  but  also  as  a  former  member  of  this  Commission  of  which  he 
was  the  Director  from  1943  to  1946,  when  it  was  disbanded. 

This  volume,  written  as  it  has  been  by  10  established  authorities,  is  one 
of  the  most  interesting,  readable,  as  well  ns  informative,  medicomilitary  his¬ 
tories  which  I  have  had  the  opportunity  to  review’  and  for  which  I  have  had  the 
pleasure  of  preparing  a  foreword.  Although  I  have  devoted  most  of  iny  pro- 
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ft^^inll)l|  lift*  Itillit*  imii't  ii't*  Ilf  siiij9*ry.  I  ftiinitl  iiivself  <li*t*|)ly  eii)rriii‘Mt*<l 

ill  till*  |iivsi‘iit  lit  ions  l■lllltilill<*<l  in  lliis  iMHik  iH-rliiiiis  iM-riiiist*  in  niy  |iri*s«*iit 
role  nniny  of  the  iliseiises  iliseii'setl  here  Inive  fiir-ivni'li'ni;  iiii|>li(-sit ions  Imlsiy 
in  our  etfoiis  to  piiti  iitiil  sii|i|Miri  the  freetloiii  of  nil  |M*o|>h*s  tht'on;;hoiit  the 
worhi. 

Witli  tilts  voluitie  itt  (tritti,  ti  (‘oitttiteiiilnlile  I'oMti  ilitition  to  nieirti-oniilitnry 
history,  ntiil  to  tnedirni  literniiire  in  i;eiieriil.  Inis  lieeii  niinle.  To  the  Authors 
iitiil  eilitors,  to  The  Ilistorieiil  I'litt.  I'.S.  Aniiy  Meilier.l  Serviee.  nnil  to  nil 
others  who  Intve  tiiatle  this  jiossible.  nnr  ttnitefiil  n)ipn‘«‘iiition  is  expressed. 

Lkox.xkd  I>.  Ukahix. 

Liiutennut  (wcru-ntf. 

Thf  Svrgttm  General. 


Preface 


Ki'iiiii  I  lie  lietriiiniii^  (if  ivt-)>r«i4‘4|  iiiiliisiry  liisioi'v,  iiriiiioit  ill  war  Imve  been 
affliriiil  hy  Imh-hp  l>y  iiisn'ts.  initps.  licks,  mill  fleas  lieloiipiiig  to  llie 

aiiiiiiiil  |iliy!iiio  Aiilini|MMlii.  Maluriu  iiiiil  oilier  iiiilin>|>o(Ilioriie  iliseiises  liiive 
eoiiMiiiilisI  ;iii  enemy  nil  lilt  iiililil iniiiil  frniil.  line  wliieli  often  wiviikeil  iiinrc 
liaviM'  I  linn  tin-  liiiiiiiiii  enemy. 

Ill  inliiiiie  \'l  Ilf  iliisserH-s.  llie  sliiry  of  llll■lllri:l  eiinlrol  in  World  AViir  II 
li;i>  Usm  inld.  'I'lie  |in‘seiii  viiliiiiie  is  ■miieenied  willi  otlier  diseases  Ixiriie  liy 
Mi'iliro|HMl>  iind  «  iili  llie  iiieiisnres  taken  tii  inininii/a*  llieir  iin|iiii‘t  n|Miii  inilitiir>' 
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nietiilier  of  llie  Kditorial  .\dvisory  Itonrd.  not  nnly  part ici|)nted  ns  n  consultant 
ta  voinnie  VI  on  malaria  Init  has  also  reviewial  in  detail  each  chapter  of  the 
firesent  voliinie.  Gmirfiil  .hanks  are  oxteiideil  to  him. 
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CHAPTER  I 

Introduction 

Henry  S.  Fuller,  M.D. 


Humanity  has  but  thrao  (treat  eneniiea;  Fever,  famine  and 
war ;  of  ttieae  by  fav  the  ftreatcst,  by  far  the  moat  terrible,  Is 
fever.  •  •  •  ns  far  back  aa  history  will  carry  us.  In  aiielent  tireeie, 
in  ancient  Home,  tbrougboiit  the  Middle  Aftea,  down  to  our  own 
day,  the  noisome  pestilence,  In  whatsoever  form  it  assumed,  has 
been  dreaded  Justly  as  the  greatest  of  evils. — Osier,  180fl. 

The  main  groups  of  arthropods  of  military  significaucc  are  the  same  as 
those  which  are  important  as  vectors  of  disease  among  civilians  and  lower 
animals.  These  insects  are  certain  mosquitoes,  sandflies,  lice,  ticks,  and  mites. 
Of  these,  the  mosquitoes,  carriers  of  malaria,  yellow  fever,  dengue,  some  types 
of  encephalitis,  and  filariasis,  are  transmitters  of  the  greatest  number  and 
amounts  of  noisome  pestilences  in  this  category.  Furthermore,  of  tlie  diseases 
in  this  group,  malaria  outranks  all  the  rest.  Indeed,  malaria  was  so  prevalent 
and  so  devastating  among  troops  in  the  Pacific  areas,  the  Fur  East,  and  the 
Mediterranean  region  during  World  War  II  that  an  entire  volume*  in  this 
series  was  required  for  adequate  presentation  and  discussion  of  its  varied,  ex¬ 
tensive  and  important  problems,  and  the  fight  wagevl  ngainst  malaria. 

The  present  volume,  therefore,  deals  with  the  arthropodborne  diseases 
other  than  malaria,  and  other  than  tularemia,  which  althougli  tickbome  in 
some  instances  happened  to  be  included  among  the  communicable  diseases 
discussed  in  another  volume  *  at  an  early  time  in  the  planning  of  this  series, 
because  of  emphasis  of  transmission  by  contact.  While  malaria  is  not  one  of 
the  subjects  of  this  book,  brief  reference  to  past  experience  witli  it  must  be 
made  here  to  establish  perspective. 

The  U.S.  Army  entered  World  War  II  with  prior  experience  in  niosquito- 
bome  and  lousebome  diseases.  During  the  calendar  year  189S,  which  included 
the  Spanish- American  War  (24  April-10  December  1898),  there  were  re¬ 
corded*  the  following  insect-home  diseases  in  the  Army :  Malaria,  90y41fl  cases; 
yellow  fever,  1,169  cases;  and  dengue,  249  cases,  with  fatality  rates  per  1,000 
cases  of  4,  123,  and  8,  respectively.  As  is  well  known,  yellow  fever  was  the 
great  killer,  and  this  fact  has  obscured  the  important  role  played  by  malaria. 

>  Mxtteal  DvpaTtwcnt.  United  SCatee  Amy.  Preveative  Hedlrine  In  World  War  II.  Volome  VI. 
CoBflftVttlcftUe  IMMAse*:  KilAiiSe  Wiitlitsttoii :  U,8.  Pifotlnf  1M3. 

*  Medical  DeiMirtaente  United  Statec  Armr>  PrereoUve  Medicine  lo  Wortd  War  II.  Voloae  Y. 
Comnnolcable  Plaeneee  Tmnamltted  Throach  Contnet  or  B/  Unknown  Mennn,  Wnablnrton:  U.8. 
Ooeerament  Printing  Oflen.  1MX>,  191-138. 

e  Report  of  The  8argeon  l^oeraL  U.8.  hrmy.  WantUagton:  Oorernment  Printing  O0ee, 
1800-1901. 
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III  1890,  till-  yptir  following  that  war,  malaria  contiiiiipd  to  prodiicp  the  highest 
inorbulity  rate,  while  yellow  fever  priHliiceil  :?(>2  eases  with  a  fatality  rate  of 
210  iH>r  1,000. 

Three  iiiseet-lioriie  diseases  are  worded  *  for  tiaiops  in  World  War  I. 
Again  malaria  takes  first  place  with  IG,1);!0  nHnnkal  cases  and  with  high  at¬ 
tack  rates  for  troops  statioiml  in  the  Uiiiteil  States,  Panama,  and  the  Philip¬ 
pines.  Trench  fever  inadi*  its  delnit  in  military  medicine  in  World  War  I. 
with  !K)1  cases  recorded  for  the  American  Kxjieditinnary  Forces  in  Kiiro])e. 
The  third  insect-borne  di.swise  of  World  War  1  was  classical,  loiiselNirne, 
e|iideinic,  typhus,  with  47  re|x)rted  cases.  Thus,  jirior  to  World  War  II,  ma¬ 
laria,  yellow  fever,  dengue,  trench  (Volhynia)  fever,  and  epidemic  typhus 
were  the  iirthroiKHlliorne  diseasi's  with  which  the  Army  Medical  Corps  had 
bail  firsthand  experience.  It  follows,  therefore,  that  onr  Army's  practical 
experience  in  dealing  with  vectors  was  virtually  limited  to  eeilain  of  the 
ano|ilieline  vectors  of  malaria,  the  cniiciiie  vivtors  of  yellow  fever  and  dengne, 
and  the  IkmI.v  louse  which  transmits  trench  fever  and  e])ideinic  typhus. 

The  arena  of  Worhl  War  II,  comprising  all  of  the  major  land  masses 
and  many  islands  from  the  .smallest  to  the  largest  in  si>.e,  .saw  onr  troops 
exiMised  for  the  first  time,  in  tmfnmilinr  siimmiidings,  to  a  wide  variety  of 
iiifeetious  diseases.  The  hazard  of  infection  was  often  unknown  to  the  troops, 
their  niediinil  officers  seldom  had  hud  previous  clinical  exjierience  with  such 
|)rol)lems,  and  most  of  the  niilitai-y  entomologists  were  meeting  vectoi's  new 
to  them.  The  re.siilts  of  mass  exposure  of  the  Anny  to  infected  vectors  are 
iiidiciite<l  np|iroxiimitely  in  tahle  1. 

In  introducing  this  history,  it  is  useful  to  consider  military  problems  in 
nrtlirojKMllMiriie  disease  from  the  di.stinctly  difVeient  stnndpoints  of  the  line 
offi<"er,  the  me<licid  officer,  and  the  eiitomokigist. 

The  field  comiinnider  eiicoiinteiv' I  onr  present  gii)ui>  of  diseases  in  severiil 
tyiies  of  setting.  During  training  and  staging  nitrations  for  exiiinple, 
filariosis  was  important  in  troo|>s  Iting  reiidietl  in  .Vmerieaii  Samoa  for  the 
as.saiilt  on  eiieniy-held  i.shuids  in  the.  Pacific.  The  fear  of  contracting  this 
infei'tioii,  in  purticninr  the  horror  of  elejihuntiasis  as  a  laissible  consequence, 
severely  affe<’te<l  the  morale  of  men  who  were  shwkeil  by  the  sight  of  natives 
whose  serotinus  were  enormous.  The  fenr  of  sterility  wiis  enhanced  by  the 
knowledge  that  there  was  no  etfective.  drug  for  treatment  of  filariosis.  Ic  seems 
prolnible  to  this  author  thnt  the  fear  motivation — fiindaineiitally  undesirable 
thongb  it  lie — prompted  nipii  to  cooiierate  in  meiisiires  desipied  to  control 
mosquitoes,  to  prevent  mosquito  bites,  and  to  avoid  contact  with  indigenes, 
altlioiigh  soldiers  are  not  iisnnily  afraid  of  cont.act  with  local  inhabitants  as 
indicated  by  the  large  number  of  cases  of  venereal  disease  in  all  theaters.’ 

*(1)  The  Drpartinvtit  of  <b^  Un|ff>4l  RU<pii  Amy  In  (he  World  Wnr.  Wasblnffton  :  U.8. 

Goverament  PrliKInr  Office.  1D2$.  vol.  IX.  |i|>.  4H5.  and  M».  (SI  The  Metllnil  l>epartinent  of 

(he  United  Statea  Armj  In  (he  World  War.  Waablnirton  Oorernment  Prinllnit  OflIee.  1025.  rol. 
XV.  pt.  2.  pp.  580-660. 

*  Medical  Department.  United  Statea  Army.  PreTentlTe  Modidne  In  World  Wtir  11.  Volume  Y. 
Conuntinlcable  Idaeanee  TranamUted  Through  Contact  nr  By  Unknown  Meana.  Waehlngton :  U.8. 
Oorernment  Printing  Office.  1060.  pp.  130-541. 
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Table  1. — Etlimated  incidtnce  and  deaths,  and  true  fatality  rate,  due  to  arthropodbornr  diseate* 

in  the  I  .X.  .Irw»r/,  — J»5 

[PrailmiDBry  data  haaad  on  lobulattonsoflndlvldiial  medknl  records) 


Dlaraao 


Malaria-  - . . . 

Dengue . . . . .  _ 

Sandfly  fever _  _ 

Scrub  typhus . 

Filariasis-. . 

Murine  typhus _ 

Leishmaniasis . . -  .  - 

Encephalitis-. . 

Tularemia.  - - - - - 

Relapsing  fever - -  - 

Rocky  Moun' iln  spotted  fever  . .  . 
Epidemic  typhus .  . . 


I  AdmiMkms  only,  dau  on  secondary  diatnosir  esses  are  not  available  lor  IM2  and  I|M3. 

Souroe:  Tables  of  incMenoe  and  deaths  from  ''[olectkHU  and  Paraiitte  Diseases  in  the  United  Utates  Army  Durinit 
World  War  11.  Each  Theater  by  Spedfle  Disease  and  Year.’*  Department  of  the  Army.  Oflioe  of  The  SurseonOeneral. 
Medical  Statistics  Dlvlskm.  Id  July  1954.  (Revised  to  Include  chanies  made  up  to  5  October  1900.)  The  lollowtnKnotM 
an  quoted  from  the  above'Clted  volume  ofstatietieal  tabtoe: 

The  data  an  to  bo  considered  preUmlnary  peodlni  publication  of  final  tabolalkms  of  the  Individual  medical  records 
(p.l). 

Cautkm  should  be  eiercised  in  evaluating  the  data  for  low  inctdence  d  Iseasei  which  were  based  on  small  (that  Is,  90 
percent)  samples  (p.  II). 

Kor  purpoeee  of  this  volume,  the  Medlterranetfi  theater  tadudee  Korth  AMca  and  the  North  Amerkan  theater  In¬ 
cludes  Alaska  and  Iceland  (p.  111). 

Although  the  mortality  data  wen  haeed  on  oomplste  ftleeof  Individual  medical  records,  they  too  an  to  be  coosMcred 
provisional  pending  publication  of  final  tabulatloas  (p.  111). 

The  eutbor  hu  ueed  approiimate  rounded  flgunsextracted  from  a  number  of  tahlee  in  this  mimeographed  statistical 
volume. 

During  and  immediately  after  an  invasion,  dengue,  sandfly  fever,  and  scrub 
typhus — each  in  its  own  locality — caused  attack  rates  which  will  never  be  for¬ 
gotten  by  the  commanders  whose  troops  encountered  them.  Dengue  and 
sandfly  fever  struck  down  many  men  of  invading  forces,  rendering  them 
noneflective  against  the  usually  immune  enemy  force,  who  were  immune  because 
they  had  suffered  their  attacks  several  months  or  years  previously.  Thus,  the 
invading  force  was  severely  handicapped  by  disease  during  the  critical  period 
of  landing,  and  establishing  a  beachhead,  even  before  it  had  an  opportunity 
to  proceed  with  the  business  of  securing  the  hinterland.  Dengue  and  sandfly 
fever  struck  like  lightning,  inflicting  serious  inroads  during  the  first  week  of 
exposure.  Scrub  lyphus,  with  its  longer  average  incubation  period  and  more 
insidious  onset,  began  to  make  known  its  presence  during  the  second,  third, 
and  subsequent  weeks  of  a  campaign.  For  its  military  significance,  every  line 
(^cer  should  be  familiar  with  the  outbreak  at  Sansapor,  New  Giiin«t  (ch.  XI), 
in  which  scrub  typhus  rendered  a  regiment  ineffective  more  quickly  and  thor¬ 
oughly  than  would  have  been  expected  as  a  result  of  severe  enemy  action. 
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TIi(‘  ufoifiueiitioiKHl  t<xiiiii|iles  mil  lie  iiiiilti]ilipil  iiitinyfold.  Tlir  |pss(ins 
Ipurupil  slioiihl  Ih‘  |mhi(Ici'c<I  hy  every  line  otlii-er  iiinl  i-ditIpiI  out  neeoriliiijily . 

Tlie  iiiedieui  (iflicer.  knowing;  full  well  ihiU  the  stntistics  in  tiilile  1  lire 
siibjtH-l  to  iiiiiiieniiis  falliicies.  realizes  t hat  tlie  niiiiiliei's,  in  llieniselves,  are  no 
iiidiealioii  of  tlie  severity  of  a  |iailiviilar  disvMise  iiroldpin  at  a  };iveii  lime  and 
plaee.  Malaria,  of  all  tlie  artliro|MHlborne  diseases  atTeelin}r  tlie  Army  in 
'World  War  II,  was  of  |iaranKiiiiil  ini|M>itani‘e  for  apiiroxiiiialely  iine-foiirth 
of  the  eiiilli's  luiniaii  |Mipidatioii  lives  in  nialarial  zones,  and  <»ir  lr<Ni]>s  were 
jnesent  in  most  of  the  jilaees  where  malaria  flourishes. 

Ill  terms  of  locality,  the  Siailliwest  Pacific  iheatpr  I'ecordpd  the  jri'ealest 
iiiiiiiliers  of  admissions  for  arthro|MMllM>nie  diseasi',  ranking;  mimlier  one  in 
this  respect,  with  the  iiink  of  the  <»lher  theaters  ns  follows;  Sei-ond,  Pentrid 
and  South  Pacific;  third,  ('hina-Kiinna-liidia ;  fourth,  Meilitprranpiin;  fifth, 
continental  I'liileil  States;  sixth,  Knro|ie:  seventh,  laitiii  Amprica ;  pi};htli, 
Middle  Kast;  and  ninth.  North  Americii.  Tlie  siinie  order  of  rank  of  theater 
w)isol>serve<l  for  niuliiria  ndmis-sions  with  t  he  except  ion  that  eonlinenlul  I'nitevl 
Slates  nink;Hl  fourth  and  ('liina-Hiinna-Indin  nmketl  fifth.  For  den^ne.  the 
rank  of  theater  by  admissions  was  as  follows;  First,  Soalhwest  Pacific;  second, 
(Vatnil  and  South  Pacific;  Ihini,  Meiliterniiiean;  and  fourth.  ('hinn-Hiimin- 
India.  For  sandfly  fever,  the  rank  <»f  tlieater  by  admissions  was  as  follows; 
First,  Mediternineaa ;  second,  Middle  Kast;  ihinl,  Phina-Hiimia-Indin:  and 
fourth.  Knrope. 

Scnib  typhus  prodncetl  the  following;  rank  of  theaters  by  i)dniis.Hians: 
Fii-sl,  Southwest  Ihicific;  second,  China-numin-India;  and  tliinl.  Central 
and  South  Pacific.  Filarinsis  pnaiueed  the  following  rank  of  theaters  by 
admissions:  First,  Central  and  South  Pacific;  second,  continental  United 
States  (mit  uutochthonons.  hut  diii|n>ose<l  by  blootl  smear  of  troops  evacuated 
from  overseas) ;  and  tliinl,  Southwest  Pacific.  Murine  typhus  occiirreil  as 
follows:  First,  continentnl  Uiiitetl  Stales:  and  second,  Ontml  and  South 
Pacific.  T.,eishmaniasis.  almost  solely  cntiineoas  was  a  problem  of  the  Middle 
East.  Encephalitis,  which  is  a  heterogeneous  assemblage  including  entities 
not  transmitted  by  arthro|mds,  was  reiiorteil  mainly  from  the  continental 
T^'niteil  States.  Rocky  Mountain  spotted  fever  was  reported  solely  from  tlie 
continental  I'^nitetl  .**tate8.  The  remainder  of  the  diseases  in  table  1 — tularemia,* 
relapsing  fever  (ch.  'VIII),  and  epidemic  typhus  (rh.  X) — occurred  in  small 
numbers  of  cases. 

The  values  given  for  incidence  rates  for  arthropodbome  diseases  in  the 
I^.S.  Army  (table  2)  are  at  once  illuminating  to  those  who  saw  active  service 
in  one  or  more  of  these  theaters,  and  shocking  to  those  who  did  not.  These 
rates  reflect  the  interplay  between  at  least  two  factors,  each  operating  to  an 
extent  which  is  dilRcult  to  evaluate  for  any  given  theater.  One  factor  is  the 
amount  of  potential  hazard  of  infection  with  arthropodbome  disease,  while 
the  other  is  the  effectiveness  of  military  preventive  medicine.  Although  the 
degree  of  hazard  ran  lie  stated  in  rough,  com]Nirative  terms,  it  is  virtually  im- 


*  footnof#  2,  p.  1. 
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(KMiilile  III  "iiieuKinv""  liy  ivhsoii  iif  tlie  iniiltiplicity  of  factors  inroheii.  It 
m|iiiivs  little  eriulitioii  to  Mute  iliiit  tlie  liaziirii  of  nrtliro|K>dliortie  disease  was, 
tteiienilly  s|irakiii|;,  less  in  Alaskii  tlniii  it  was  in  ilie  ('l:inii-Kiirnm-lndia 
theater'*  it  is  iiniliiiil>te«lly  relevant  to  note  llint  a  Theater  Preventive  Medicine 
Section  was  foi-iiie«l  in  '  liiiin-Uiiniia- India,  for  the  first  time,  in  late  11)44. 
Within  that  theater,  the  risk  of  iiifis-tion,  for  e.xiiinple,  with  scrub  typhus  was 
nil  for  |iers(mnel  who  were  not  eX|Mise<l  to  the  vei'tor  spei-ies  of  chifrf^rs.  For 
tliiaa*  eiitratteil  in  aiiual  coiniMt  in  Hiinnn,  the  linziird  was  extremely  high,  as 
evidein'eil  liy  rxi-eiiaive  attack  rates  in  Merrill's  Marauders  and  the  Mars  Task 
Force  during  1!I44  and  llU.'i,  resfiect ively.  Stiiiilar  examples  can  lie  cited  for 
this  and  otlier  arthro]MM|lionie  diseases  in  various  tlieaters.  That  the  rates 
were  no  higlier  ilinii  they  were  can  lie  nscrilietl,  hi  part,  to  the  application  of 
a]i]iropriatp  preventive  measures.  However,  all  the  advice  and  recomiiienda- 
tiiais  will  lie  ineffectual  if  llte  individual  cundialant  does  not  comprehend  in 
MHiie  degree  tlie  rea.xoiis  for  their  iipplicat ton.  and  so  assist  in  their  being  carried 
out.  Altli<iiigli  these  troops  were  providwl  with  repellent,  which  kills  the 
chigger  rectors  wlieii  iiseil  pni|ierly,  tliey  iliscanletl  this  material  as  well  as 
ntlier  equipment  which  tliey  did  not  consider  essential  to  their  survival  in 
I'onibai. 

T«ai.K  t!.  tmridrmrr  rtirt  /or  grUropoilhormr  iti'oroor*  la  tV  I'.S.  .Irmv.  hg  thfotrr  or  area 

</  admimaa, 

IPrrllKilaorir  daU  barrd  on  tobohUfois  of  brlirldijol  msllrsl  rfoor4*i 
(Ealr  ripmood  •*  numbtr  of  rooo  prr  oBiiain  fer  i.nOO  oerron  >.lrnl|rtl>l 


mmk  TiMMniiram  |  Ratr 


I  ..  .  .  Cliina-Bunna*India.. .  .  114.69 

•2  .  MkMIe  Bait .  .  97. 86 

X  .  Southwrot  Pac{6c _  .  . I  87. 69 

4  Central  and  Soutt  Pacific .  80.83 

6  McdUcrranran. . .  60.58 

«  .  Iditin  America.  42.76 

7  . .  Kuropc . .  .  4. 99 

8.  .  .  Contlncnlal  Vnlted  Btatca  .  3.12 

9  North  America. .  .39 

Total  Araajr....  . . .  19.  56 


aiaiie:  ModVal  Hiamaiml.  I'aaod  auloo  Ann.  rranmin  ModIHno  in  Worid  Ww  II.  Vehuno  IV.  Com. 
wmAnAtt  Daoomo  Tmnornmod  ramr  Tlinri  XiOiilndwy  ind  ABanntofy  Ttnrti.  Wmldiictai:  U.8.  aoronuMot 
praniBf  itmn.  im  a.  u. 

With  reqwrt  to  mortality,  it  is  clear  that  the  greatest  numbers  of  deaths 
from  arthnqiodboriie  disease  were  caused  by  mslaria  and  scrub  typhus.  In 
view  of  the  availability  of  effective,  specific  antimalarial  drugs,  it  seems  fair 
to  conclude  that  the  deaths  attributed  to  malaria — if  correctly  so — were  pre¬ 
ventable.  Such  was  not  the  case  with  scrub  typhus.  As  pointed  out  by  Gor- 
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don,"  tlie  iinnuiil  ilpatii  nite  of  14.G  iier  1(N»,((00  foi  wnib  typliiis  in  the  Cliina- 
Uumiii-liKliii  tlieater  to|i|)t‘d  tliiit  of  tiny  other  l■onlllnlllil‘llble  disease  in  any 
theater  of  Worhl  'W'ar  II.  Fortunately,  in  view  of  postwar  develujiments  in 
broad  spectrum  aiitibiotie  rheniotlierapy.  deaths  from  scrub  typlins  are  now 
in  the  ]trerentable  cute^ry,  as  are  tleatks  from  innrine  ty]>hns  (ch.  X)  and 
otlier  rickettsial  diseases. 

Ejiideiiiic  tyiihiis,  pl;>};iie,  and  yellow  fever  have  lieen  aninnj;  the  major 
|>estileiices  of  previous  wars.  It  is  luiteworthy,  therefore,  that  the  U.S.  Amty 
in  Worhl  'War  II  e.xi>erieiice<l  only  slightly  more  than  ](K)  cases  of  lonseltome 
typhus,  while  there  were  no  recordetl  cases  of  plajnie  or  yellow  fever.  A  critical 
review  of  tlie  fiu'ts  pre.seiite<l  in  this  voliiine  leads  to  the  coiichision  that  this 
e.x|)erieiice  in  'World  War  II  is  truly  a  triniiiph  of  inilitiiry  preven.ive  metlicine. 

When  confronted  by  actual  situations  involving  arthropodbome  diseases, 
the  medical  officer  is  often  understandably  confused,  I'ur  his  prior  training, 
experience,  and  view|>oiiit  have  rarely  equip|>ed  liiiu  to  deal  with  such  situations 
with  e(|uaniuiity.  In  approaching  the  siihj<M‘t.  therefore,  it  is  helpful  fur  liln> 
to  l)ear  in  mind  the  following  points: 

Three  Renvml  |trliicl|il(>t<  Rorrm  the  eitk'ienr.r  n(  arlhropoOH  as  rectors  of  human 
disease  and  of  other  animal  siiecies  as  reserrotrs  of  infectious  scents.  They  are  the 
charactiT  of  the  existinc  hnst-immsite  n-lallon  l>etwi'en  species  ami  Infections  agent  eon- 
oemed.  the  fioinilatlon  numbers  of  vector  or  animat  reservoir,  and  the-  relatioDsblp  to  man 
of  the  species  arllnc  as  reservoir  or  vector.  The  first  Is  Inhereiilly  a  Idnioclr  matter;  the 
other  two  lirliic  Inlo  iilay  the  whole  ecoiocic  comple.x.  I'opulallons  of  arthropod  vectors 
and  animal  reservoirs  are  Intimately  related  to  the  physical  environment  for  as  the  physical 
envlniument  acts  on  man  as  a  host,  so  likewise  it  atfects  these  other  hosts.' 

One  who  reflects  upon  these  ecological  considerations  will  realize  the  com- 
ple.xity  of  the  pruhleiii  iiiul  tliecoiisetinent  r(‘<piireinent  for  complete  coojterntion 
lietweeii  physiciiin  and  eiitoiiiologist. 

The  eiitoiiiohigist  has  ii  primary.  iii<lis|>eiisiil>le  n»le  in  the  prevention  iiiul 
control  of  nrthro|>odboriie  infection.  Of  the  six  human  diseases  subject  to  inter- 
iiatioiial  coiiveiitioa.  four  are  ni1hro|MMllMinie:  epiileiiiic  typhus  iiiuI  rehi|>sing 
fever,  tmiisiuitted  by  hmiiiiii  ImmIv  lice:  phipie.  by  certain  nxlent-fleas:  and 
yellow  fever,  by  certain  ciilicine  niosi|iiiti<es.  This  fact  alone  serves  to  place 
these  dread  tliseiises  in  (tersiteciive  for  the  mevlical  entomologist. 

Of  the  'liseiises  considered  in  this  volmne,  effective  vaccines  for  general 
use  are  aviiihilile  only  for  yellow  fever,  epidemic  typlins,  imiriiie  typhus,  and 
Rtx'ky  Mnuiitiiiii  s|M)tte<l  fever,  while  the  effectiveness  of  various  plague  vac¬ 
cines  continues  to  be  a  subject  of  iiivestigiition  (ch.  Vll).  For  prevention  and 
control  of  these  diseases,  however,  these  viiccines  snppleineiit.  iiiid  do  not  snp- 
jtlaiit.  vpi’tor  iniitrol,  which  reiiinins  Iheixire  of  artliro|xxlbome  disease  control. 

•  Owrdiin.  John  K, ;  (imcrnl  ron»i|i)rnillonii  of  SIinJom  of  TranHmlNuInli.  in  MedIctI  IVptrfBMOt. 
tTaltpd  I'rfTonlIrr  Mt'tikinr  lo  World  War  II.  Volumf*  IV.  Comnuntcablo  DIimbm 

TranimlttMl  Chiefly  Thrnuirh  Kovplrator^  anti  AllMoQUrj  Tracta.  Waahliifton:  U.B.  Gorommont 
Trlntlnx  Ofn4*o.  IffoK.  p.  40. 

•Gordon.  John  K. :  Reoloslral  larntlffatlon  of  Plroavr*  in  Rraotrrh  In  Public  Hralth.  IPaprrs 
prM«nt«d  mt  tho  Annual  Confrrrnre  of  the  Mllhoolc  Memorial  Fund.)  hlllbank  Memorial  Knnd. 

Nrw  York.  1US2.  pp.  4S  -65.  eap.  p.  93. 
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This  fact  is  emphasized  (1)  in  order  to  place  vector  control  in  pei'spective  in 
its  relation  to  disease  control,  and  (2)  because  the  folly  of  neglecting  or  omitting 
vector  control  has  been  so  convincingly  demonstrated  on  so  many  occasions 
that  the  experiment  need  not  be  repented.  He  who  doubts  the  truth  of  these 
statements  will  do  well  to  ponder  tlie  lessons  contained  in  the  ensuing  pages 
of  this  volume. 


CHAPTER  II 

Encephalitis 

Albert  B.  Sabin,  M.D. 

SIGNIFICANCE  OF  THE  TERM  “ENCEPHALITIS” 

The  clinical  diagnosis  of  encephalitis  rovers  n  multitude  of  clinical,  path¬ 
ologic,  etiologic,  and  epidemiologic  entities.  Clinical  records  from  civilian 
as  n’ell  ns  military  medical  practice  reveal  that  the  diagnosis  is  commonly 
made  whenever  clinical  manifestatitms  suggestive  of  cerebral  disturbance(rang- 
ing  from  mild  lethargy  to  coma,  from  slight  delirium  to  complete  disorienta¬ 
tion,  from  restlessness  to  convulsions)  are  associated  with  an  otherwise 
undiagnosable  febrile  illness.  The  diagnosis  is  also  not  infrequently  made 
when  the  aseptic  meningitis  syndrome  is  associated  with  what  may  be  inter¬ 
preted  as  lethargy  or  unusual  restlessness.  It  is  made  not  only  when  cerebral 
disturbance  is  associated  with  pleocytosis,  but  also  in  its  absence.  Tlie  clinical 
diagnosis  of  encephalitis  is  not  infrequently  made  when  toxic  encephalopathy 
is  associated  with  certain  bacterial  infections. 

The  unqualified  diagnosis  of  encephalitis  has  no  significance  for  either 
civilian  or  military  epidemiology  because  it  deals  with  totally  unrelated 
diseases.  Unfortunately,  neither  civilian  nor  military  reporting  of  encepha¬ 
litis  has  as  yet  required  the  qualifications  which  would  lend  the  data  any 
significance.  Military  preventive  medicine  and  epidemiology  are  obviously 
especially  interested  in  the  encephalitides  which  may  occur  in  epidemics. 
During  World  War  I  and  in  the  decade  which  followed,  encephalitis  l^hargica 
(von  Economo's  disease)  appeared  as  an  epidemic  disease.  Between  1930 
and  1940,  however,  this  disease  became  extremely  rare,  and  a  new  group  of 
epidemic  summer  encephalitides  of  diverse  virus  etiology  was  recognized  as 
a  source  of  potential  danger.  The  epidemics  of  St.  Louis  encephalitis  in  the 
St.  Louis  area  in  1933  and  1037 ;  the  outbreak  of  eastern  equine  encephalitis 
in  human  beings  in  Massachusetts  in  1938;  the  demonstration  in  1934  that  the 
oft-recurring  epidemics  of  summer  encephalitis  in  Japan  were  due  to  a  virus 
which  was  related  to,  though  antigenically  different  from,  that  responsible 
for  St.  Louis  encephalitis;  the  discovery  in  1937  of  the  spring-summer  tjrpe 
of  encephalitis  in  the  forested  far-eastern  regions  of  the  U.S.S.R.  and  the 
demonstration  that  it  was  caused  by  a  new  virus  which  was  tickbome — all 
brought  to  light  new  epidemic  diseases  which  were  of  special  concern  to  the 
military  epidemiologist. 
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ENCEPHALITIS  DURING  WORLD  WAR  I 

There  were  80  admissions  for  encephalitis  in  the  Army  between  1  April 
1917  and  31  December  1919.  Little  or  notliing  is  known  of  the  clinical  varieties 
included  in  this  number,  but  it  is  noteworthy  that  27  deaths  occurred,  yielding 
a  case  fatality  rate  of  33.8  percent.'  It  is  probable  that  some  of  these  cases 
were  the  then  newly  recognized  von  Economo’s  disease. 

ENCEPHALITIS  BETWEEN  1920  AND  1940 

The  Army  was  apparently  little  concerned  with  encephalitis  during  the 
1920-40  period.  Although  a  number  of  new  encephalitic  viruses  were  dis¬ 
covered  between  1930  and  1940,  the  natural  history  of  the  infections,  particu¬ 
larly  as  it  related  to  human  disease,  was  still  in  the  earliest  stages  of 
investigation  and  very  poorly  understood. 

It  may  be  recalled  that  the  epidemiologic  studies  on  the  1933  epidemic  of 
encephalitis  in  St.  Louis  ended  with  the  conclusion  that  it  was  essentially  an 
infection  of  human  beings  transmitted  by  secretions  of  the  upper  respiratory 
tract.  Early  observations  on  the  western  equine  encephalitis  suggested  that 
the  infection  may  occasionally  affect  human  beings,  but  no  significant  epi¬ 
demics  proved  to  be  due  to  this  virus  had  occurred  by  the  end  of  the  1930 
decade.  Experimental  work  with  the  viruses  of  western  and  eastern  equine 
encephalitis  indicated  that  various  species  of  Aedea  mosquitoes  were  capable 
of  transmitting  these  viruses,  but  no  direct  evidence  was  available  that  these 
viruses  were  arthropodbome.  In  1938,  however,  the  occurrence  of  a  small  out¬ 
break  of  encephalitis  in  human  beings  in  Massachusetts,  caused  by  the  virus 
of  eastern  equine  encephalitis,  indicated  for  the  first  time  that  a  virus  that  was 
hitherto  known  to  be  responsible  only  for  encephalitis  in  horses  could  also 
under  unpredictable  circumstances  give  rise  to  an  epidemic.  Tlie  work  of 
Japanese  and  Russian  investigators  brought  forth  suggestive  evidence  that 
the  virus  responsible  for  Japanese  B  encephalitis  may,  under  natural  condi¬ 
tions,  be  transmitted  by  mosquitoes.  The  discovery  of  the  Russian  spring- 
summer  encephalitis  and  the  extra-human  reservoir  of  the  virus  in  ticks,  and 
involvement  of  various  lower  animals  as  part  of  its  natural  history,  directed 
new  attention  to  the  possible  importance  of  arthropodbome  encephalitis  virases 
for  human  beings. 

ENCEPHALITIS  DURING  WORLD  WAR  II 
Potential  Problems  and  Proposed  Research 

The  work  begun  in  1941  by  Dr.  W.  McD.  Hammon  and  his  associates  on 
the  occurrence  of  the  viruses  of  St.  Louis  and  western  equine  encephalitis  in 


'  The  Medical  Department  of  tbe  United  States  Arm/  In  tbe  World  War.  Waablngton :  Oo^m- 
ment  Printing  Office.  1I12A.  rul.  XV.  pt.  2.  p.  577. 
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iuoK(iiiit(x‘s  under  iitUiinil  coiiditioiis  fuillier  eiiipliiiKized  the  {N>(eiitial  sigiiiti- 
canoe  <if  iiriliruixMlbunie  viruses  iis  a  {M>ssilile  cause  of  epideiiiicsuf  eiioeplialitis. 
During  Worhl  War  II,  the  Army  "  as  particularly  concerned  with  the  potential 
thi-eat  of  the  viruses  of  equine  and  St.  Louis  encephalitis  in  the  United  States 
and  of  Ja|)anese  1$  eiicepluilitis  in  the  Far  Kasi.  Tlie  t^oiimiission  on  Xeuro- 
tropic.  Vims  Disea.ses,  Hoard  for  the  Investigation  and  Control  of  IiiHueii/.a  inul 
Other  Kpideinic  Diseases  in  the  Army  (Inter  Army  K]>ideiniologicaI  Itoard), 
was  charged  with  the  responsibility  of  furthering  research  on  these  viruses. 
The  objectives  of  this  research  were  as  follows:  (1)  To  increase  our  knowledge 
of  the  niitiirid  history  of  these  infectious  with  .sjiecial  reference  to  tlie  role 
of  arthnqKids;  (2)  to  develop  vnccines  suitable  for  hiiinan  use  against  the 
viruses  of  \vc.stern  equine,  St.  I»uis,  and  Jiipaiiese  13  encephalitis;  and  (;3)  to 
develop  improved  and  standardized  methods  of  specific  serologic  diagnosis. 
The  occurrence  of  the  first  large  epuleniic  of  western  equine  encephalitis,  affect¬ 
ing  more  than  :5,000  Ininian  beings  (predcnnintiutly  adults)  in  Northwestern 
United  States  and  adjacent  Canada  during  the  suininer  of  1941,  was  re.sponsible 
for  imparting  an  urgency  to  the  proposed  task. 

Actual  Experience  During  the  War 

Incidence  and  official  statistica — No  epidemics  of  encephalitis  occurred 
among  the  Armed  Forces  in  the  United  States  between  1942  and  1945.  During 
July  and  August  1941,  however,  12  mild  cases  of  encephalitis  of  unestablished 
etiology  developed  in  a  force  of  unknown  size  within  10  to  14  days  after  entry 
into  a  maneuver  area  near  Sabinal,  Uvalde  County,  Tex.*  One  small  outbreak, 
identihed  as  Japanese  13  encephalitis,  occurred  among  American  forces  in 
Okinawa  in  1945.  Small  outbreaks  of  encephalitis  of  undetermined  etiology 
occurred  also  in  Chinn  and  the  Philippines  during  the  summer  of  1945.  Hun¬ 
dreds  of  cases  of  encephalitis  appeared  in  the  perimlic  summary  reports,  par¬ 
ticularly  during  1942^3  in  the  United  States,  but  in  view  of  the  manner  in 
which  the  diagnoses  were  made,  the  significance  of  the  statistics  is  doubtful. 
The  official  statistics  for  various  forms  of  encephalitis  are  given  in  tables  3, 
4,  and  5.  Col.  John  E.  Gordon,  MC,’  however,  states  that  “encephalitis  in  the 
European  Theater  was  a  rarely  recognize<l  condition”  and  lists  only  three  cases 
for  the  entire  period  of  1942  through  194.5. 

It  is  important  to  note  that  practically  all  reports  of  encephalitis  were 
followed  up  by  requests  tlmt  specimens  of  cerebrospinal  fluid  and  blond  be 
sent  to  the  Army  Medical  School,  Wiishington,  D.C^  for  viral  studies.  Many 
of  the  clinical  records  of  coses  diagnosed  ns  encephalitis  presented  nothing  more 
than  the  s}mdrome  of  aseptic  meningitis.  Tlie  Army's  experience  witli  this 
syndrome  (frequently  also  reported  as  lymphocytic  meningitis  or  lymphocytic 

*WoodliDd.  J.  C.  and  Smith.  E.  M. :  Acute  EDcepballUs:  Mild  Epidemic  Obierred  at  Station 
Boopltal.  Fort  San  Houeton.  Tea.  J.A.M.A.  120:  39S^61.  3  Oct.  1942. 

*  Gordon.  John  E. :  A  Hlitorx  of  PreTeotlTe  Medidne  In  the  European  Theater  of  Operatlono, 
1941-43.  Tol.  11.  pt  HI.  p.  30.  (Offldal  record.] 
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Table  3. — Admi*»ion» Sot  acute  inSeUiwu  encephaUiU  (tnc/udtn^  infedione  encephalomyelitu)^ 
in  the  U.S.  Army,  by  theater  or  area  and  year, 


(Preliminary  data  based  on  sam{^  tabulations  of  lodividual  medical  records] 
(Rate  oipressed  os  number  per  annum  per  I.OOO  average  strength! 


j 

I'lieatcr  or  area  | 

1M2-4S 

1  1043 

i 

1043 

I 

1044 

1045 

Number 

Kate 

1  Number 

Kate 

Numbe-  1 

Rale  1 

1 

Number 

Kate  1 

Number 

Kate 

Continental  United  Slates . 

IR7 

0.01  ' 

1  44 

0.02 

HR  1 

OOI  1 

43 

OOI  j 

35 

0.01 

Overaraa: 

i 

i 

0  1 

1 

0 

-  -  i 

0 

0  1 

0 

1  3 

.01  ' 

i  2 

.02 

.01  j 

0  ' 

0 

Europe . 

1  ” 

.02  1 

I  ^ 

1  .01 

0 

1  .02 

20 

.01  1 

45 

.02 

Medllemnean  . 

1  30 

.03  ' 

0 

2 

0.00 

27 

.04  1 

10 

.03 

Middle  EmC . 

1  1 

.01 

0 

0  ' 

1 

.02 

1  25 

.00 

i  0 

rS 

'  .08  ' 

20 

.00 

PaclAc  Ocean  Area  . 

i 

.03 

>  j 

j  .01 

4 

.01 

12 

'  .03 

* 

.05 

Routhweat  Pacllle . 

1  70 

.04 

!  0 

I 

.01 

2B 

.05 

I  ^ 

.04 

Total  overaeaa . 

1  247 

1  0.02 

:  4  ' 

0.01 

1 

I  OlOl 

04 

0.02 

135 

0.03 

Total  Army . 

L_» 

003  1 

,1  ** 

0.01 

1  ^ 

1  aoi 

1 

j  137 

1  002 

170 

0.02 

I  Includes  admUsions  for  JafMUiMe  B  type  onecphnlltla.  Kxciudea  paetvaccin»l  rnrephalltis  and  postvarclnal  r‘napb> 
alomyelltls. 

>  Indudea  Alaska  and  lorland. 

*  Includes  North  Africa. 

NorE.~The  atrengths  on  which  the  rates  were  baaed  are  mean  strengths  and  wUl  vary  therefore  from  the  official 
strencth  reports  of  The  Adjutant  General.  Absolute  lero  Is  indicated  by  lero  In  the  units  column;  0.0  indlcatea  a  ral«>  of 
more  than  lero  but  less  than  0.05  and  0.00  a  rate  of  more  than  sero  but  Iria  than  0J)05. 


choriomeningitis)  is  described  by  Rasniiisseu  and  Smndel.*  In  many  other 
instances,  the  diagnosis  of  encephalitis  was  mode  in  ]>atients  with  motlerate 
to  severe  cerebral  manifestations  during  tlie  course  of  streptococcal  or  other 
bacterial  infections.  Thus,  10  cases  of  virus  encephalitis  reported  from  Truax 
Army  Air  Field,  Madison,  Wis.,  between  31  January  and  20  April  1943,  were 
investigated  by  Maj.  I.  Pilot,  MC,  of  the  Sixth  Service  Command  Laboratory, 
who  found  that  they  “were  largely  toxic  manifestations  of  upper  respiratory 
infection  or  specitic  exanthemata.”  •  The  cerebrospinal  fluid  of  none  of  these 
patients  exhibited  pleocytosis,  although  in  most  instances  there  was  an  eleva¬ 
tion  of  protein,  which  in  some  cases  was  as  high  as  143  mg.  percent.  A  study 
of  the  clinical  records  revealed,  also,  instances  of  primary  nonbacterial  en¬ 
cephalitis  of  undetermined  etiol<^.  It  is  also  of  particular  interest  that  the 
virus  of  herpes  simplex  was  demonstrated  to  be  the  etiologic  agent  in  three 
fatal  cases  of  encephalitis,  two  orij^nating  in  the  United  States  and  one  in 


*  lUnBUMeo.  A.  F..  Jr.,  aod  flinud#!,  J.  B. :  Lymphocytle  ChoriomenlDgltla.  In  Medtcul  Depurt* 
■MDt,  United  BtntM  Amy.  Preventive  Medidoe  In  World  Wer  II.  Tolume  ▼.  Commnnleable 
DlMneee  Trnnniltted  Through  ConUct  or  By  Unknown  llenne.  Wiehlngton :  U.B.  Ooremnent 
Printing  Oflice.  IMO.  pp.  .1Q3-3M. 

■Beport,  MeJ.  I.  Pilot.  MC,  to  Chief.  Medlen)  Bnneh.  Sixth  Service  Commend.  24  Apr.  194t, 
■abject:  Sneepbelltle  and  Retplntory  Infectione.  Tmn:  Field.  Medlion.  Wle. 
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Table  4. — AiOnin^ionx  for  rHrrphuliiin,  other  nnti  untieterminnip^  in  the  l\S»  Aniiti,  hy  thrairr 

nr  area  ant!  ^5 

(i‘rvUintn«ry  tUtA  t«W4l  »ti  Mfii|>lc  t«bulikt  Ions  of  intllvMual  metilnl  rmrUs] 

(Kutr  v  nurnhrr  |ipr  annum  per  l^)iiu  avrreiro  sirennh] 


Tliralernr  nmt 

1041* 1 

'  1V42 

IMS 

IM4 

tM.I 

Numhrr 

1 

!  KiUr 

1  ! 

.S'umhrr 

1  hole*  Nunihrr 

'  Kiitr  1 

Nunther  j 

1  Kirir! 

1  N'umher  j 

Itllla 

Contlnenial  rnllad  Staten  . 

O^wnam.* 

i  1 

nil 

,  "  1 

1  j 

1  O.OA  1 

i  2M  ! 

!  0. 10 

300  j 

1 

O.IVl  1 

IKI  1 

'  O.OA  1 

i 

W  i 

0  03 

North  America*  . 

1  12  1 

a  02  ; 

,  3  1 

1  0.(X! 

K  ' 

u.  m 

I 

0.01 

0 

Latin  Amerktt _  . 

3 

.01  1 

1  0  1 

1  3  ' 

.02 

0 

0 

Kurope . 

5»  * 

.ni 

7  : 

.00 

7 

1  .03 

1.1  , 

1  .01 

'VI 

.01 

Mediterranean  ■ 

HA 

,ua 

4 

.17 

Mi 

'  ,  tt 

21  ' 

.03  ! 

til 

.03 

Middle  Eofit . . 

4  1 

.0.1 

tl 

4 

UR 

0 

0 

Chlna*Bunna*ln*l  k 

»  1 

.os 

2 

0  : 

13  1 

1  .M 

.4  , 

.02 

PaclAo  Oown  Area 

3T  1 

.03 

4 

.01  1 

14 

.a4 

9 

.02 

10 

.03 

Souttawnt  PwrlSc 

00  1 

.04 

3 

.tH 

1 

'  .01 

3  1 

1 

'  .Ot 

1 

fid  1 

.M 

Total  overaev. 

1  o.n 

a| 

0.<M  j 

j  »7 

1  1 

W  ' 

'  0  .02 

! 

120  1 

().U3 

Total  Armf.. 

1. 127  1 

i  o.m 

2W 

0.0V  1 

1  ^ 

1  o.on  1 

247  1  0.03 

21.4  1 

D.fQ 

iKvludrs:  PostvncclnulenceplulUls  ant  posivn««>lnalMieB(»h»foR>)r»iliis;  arutolnlNikMi5en«»|>hsIliis:nn(Jenret»ha> 
lomyeUtls,  oUisr  and  uodntennUMd . 

s  IocIwIm  admlfilon  on  tnuuporU  for  ltH5. 

*  iQchides  Alaaka  and  Iceland. 

<  Includes  Xnrtb  Africa. 

Nora.— The  streofUia  00  which  (he  ralea  were  based  art  niMnftrencihs  and  a  HI  vary  ibervfarr  frum  the  oflWiaJ 
sirnifth  raperta  of  Tbe  Adjutant  Oeoeral. 

AbaohUe  lero  Is  Indicated  bj  aero  In  tbe  units  oolumii :  ti.o  indicates  a  rate  of  nsore  than  vro  Iml  lees  than  o.05  and 
0.00  a  rate  of  more  than  aero  but  laaa  than  0.009. 

Brisbane,  Australia.*  A  fatal  cose  of  encephalitis  in  n  U.S.  Navy  seaman 
in  Trinidad  in  1943  was  proved  to  be  due  to  the  virus  of  Veneznelan  M|uine 
encephalitis.' 

Japanese  B  encephalitis  on  Okinawa  in  1945. — ^The  first  experience  of 
American  Armed  Forces  with  Japanese  B  encephalitis  was  described  in  detail 
in  a  publication  by  tills  niithor.'  Here,  only  tbe  farts  of  sjiecial  interest  to 
military  preventive  medicine  will  be  recorded.  An  epidemic  of  the  disease, 
affecting;  the  native  population,  began  early  in  July  and  ended  early  in  Sep¬ 
tember  194'!.  Tlie  etiology  of  the  “summer  encephalitis”  occurring  on  Okinawa 
was  definitely  established  for  the  first  time  as  being  due  to  the  virus  of  Japanese 
B  encephalitis  by  Imtli  serologic  methods  and  recovery'  of  tlie  virus  from  a 
fatal  cose.  Almost  the  entire  native  population  (several  hundred  thousand) 


*tl>  ZarafoBctlt.  C.  /.  D..  Smadcl,  1,  K,.  Adam*.  J.  W.,  a»4  na/makpr,  W. :  FaUl  Herpra  Simplex 
■auaphallHa  In  Man.  Am.  J.  Path.  SO:  49»<446.  Uajr  |•44.  <2)  Whitman.  L..  Wall.  M.  4..  nwi 

Warrao.  J.  :  Herpaa  Simplex  Eneapballtln:  A  Kepart  of  Two  Fatal  Caaoa.  J.A.II.A.  1.11  :  14bA-1411, 
24  Anff.  IMS. 

'  Bnndall.  If.,  and  Itllla.  J.  W. :  Fatal  BacopbaHtla  la  Man  Dno  to  tbe  Venexuelaa  Vlraa  nf  Kqnlao 
Baeeplmlomyelltla  In  Trinidad.  Science  M;  32&-226,  Marcli  1M4. 

*8aUn.  A.  B. :  Bpldetnlc  KncepballtU  In  MUttarj  I^raona^ ;  laolatloa  ^  Japanese  B  Vlrui 
Okinairn  In  IMS.  Serologic  Plagno*l«>  Clinical  Manifeatattona,  F/pldemiolOi;lc  Aapecta  and  Uae  of 
Monae  Brain  Vaccine.  J.A.U.A.  1.13  :  281  2f3.  Februarj  1M7. 
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Table  5. — Jar  furfphalomyetHtMf  other  and  nndeter Mined,*  tn  the  l\S.  Army,  by 
thtater  or  area  and  year,  t0^2-^o 


[rrrifminary  daU  hu'«ril  oii  ^umplr  labulUionsof  IndivUliiHl  motlloal  rrOATd^] 
[Katc«si»reM.^<l  tK*  numbet  |icr  annum  |ier  I.UAOuvpnicr  stimirth| 


TJieater  or  arpa 

1  IIM2 

1043 

IM4  1 

iM.S 

y  umber  1 

Kate  j 

1  N'uniber 

Hate 

1  Numhrr  j 

Rue 

.Vumljcr 

Hnte  1 

N  uni  her  | 

Hule 

Cantineotal  Uiiltad  Stat«9 . 

122 

0.01 

1 

i  " 

0.01 

M 

0.01 

30 

0.01 

A.  01 

Overwas:  * 

1  1 

1 

i 

1  1 

1 

'  *  j 

1 

.>  ' 

1 

0.01 

0 

I 

0 

0 

Europe . . . 

ao  ! 

.01  1 

1  2 

.02  1 

3 

.1)1 

1  .1 

o.no 

20  1 

1  .01 

Mcditerraneen  < . 

23 

1  .02  1 

1  1  : 

.04 

7 

.02 

1 

.02 

“ 

A 

!  ' 

0  1 

j . 

1  0 

A 

. , 

11  .  .1 

1  ^ 

5 

1 

' . 1 

A 

!l; . ; ' 

0 

1 

1  0 

A 

SsuthwMt  Pacidc . 

32 

.02 

i 

0 

1 

1  ^ 

.01  ; 

!  ^  ■ 

.01 

!  2S 

.02 

Total  ovsneas. . . 

W 

0.01  : 

i_  * 

1  0.01 

1 

1  0.01 

1 

0.01 

f  fio 

0.01 

Towl  \mj . 

j  230 

0.01 

1 

ao 

0.01 

i  " 

1  0. 01 

1 

0.01 

70  ] 

I  I 

0.01 

<  Excludes  postTsoelnsl  enoepbalomTelUfai  and  infectious  eocephsloinyelKii. 

<  Includes  idmlsikMU  on  transports  for  1944. 

>  includes  Alaska  aDd  lockod. 

*  Includes  Norm  Atrics. 

Nora.— Tlie  scrsofths  ca  wbkta  the  ntes  were  based  are  mean  strengths  and  will  vary  therefore  from  the  Dnefal 
streneth  reports  ol  Tbs  Adjutant  tJeoersL 

Absolute  ssro  Is  Indicated  by  aero  in  the  luiiu  oolumn;  0.0  indketee  e  rate  ol  moie  then  lero  but  feac  then  O.OSand 
0.00  a  rate  o(  more  than  aero  but  lees  than  O.eoo, 


and  their  domestic  animals  had  been  moved  to  the  northern  portion  of  the 
island  and  crammed,  under  primitive  conditions,  into  an  area  previously  in¬ 
habited  by  possibly  from  20,000  to  40,000  persons.  A  military  force  of  approx¬ 
imately  250,000  vras  in  readiness  for  the  forthcoming  invasion  of  Japan.  No 
one  could  predict  the  incidence  of  this  disease  in  this  previously  unexpoeed, 
presumably  fully  susceptible,  military  population.  Although  antimoequito 
measures  were  immediately  intensified,  it  was  also  clear  that  this  was  a  situation 
wliich  called  for  the  utilization  of  the  Japaneee  B  encephalitis  vaccine,  which 
had  been  developed  and  prepared  in  large  amounts  for  just  such  an  emergency. 
However,  the  events  which  followed  illustrated  the  practical  difficulties  that  are 
encountered  in  the  administration  of  a  large-scale  vaccination  program  in  the 
face  of  a  developing  epidemic. 

On  12  July  1949,  within  2  days  after  the  outbreak  was  recognized,  the 
preventive  medicine  officers  on  the  island  appealed  by  radio  for  enough  vaccine 
to  inoculate  the  rnitire  force.  In  view  of  the  poesible  need  of  the  vaccine  for 
combat  troops  scheduled  for  the  imminent  assault  against  the  main  islands  of 
Japan,  this  request  was  not  quickly  granted.  By  the  end  of  July,  when  only 
about  800  to  1,000  (predominantly  military  government  facials  in  intimate 
association  with  the  native  population)  had  been  inoculated,  the  local  command 
was  requested  to  use  the  vaccine  only  for  combat  troops  under  combat  oondi- 
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tidiis.  Ill  tlu‘  iiioiiiiliiiic,  iiliiKist  ;ill  f(>liril<>  (■(Mitnil  iwi-voiis  sysli'iii  illiiosst's  of 
iiii<li‘ii-i-iii!ii(><l  »*liol<i}jv  «crt‘  rc;riir»l«“il  as  iiistaiK'cs  of  •lii|iaiirs<‘  H  iMiiviiliiilitis, 
and  u  iiiiiiilici'  of  such  nisos  bcjiiiii  to  iK-ciir  aiiioiif;  military  iH'ivonnel.  Accord- 
iiiol>',  at  n  niootiiij'  of  Army  and  Xavy  medical  aiitlioritirs  of  tlio  Island  Com¬ 
mand,  the  decision  was  reached  to  iTsiiiiic  varcinution.  inoculating  troops 
radially  from  known  foci  of  infection.  Since  nil  cases  of  tlie  disea.se  among 
the  native  and  military  |Mipiilations  occurred  in  the  noithrm  jinrt  of  the  island, 
at  least  two-thirds  of  the  total  military  force  remained  nnvacrinnted.  Vac¬ 
cination  proceeded  irregularly,  and  it  was  not  until  21  August  that  nil  units 
north  of  Isliiknwn  were  ordered  to  be  inoculated.  Enough  vaccine  was  nlti- 
mately  distributed  for  inoculation  of  nlioiit  77,000  men. 

Between  early  July  and  mid-September,  113  niilitarj'  patients,  e.xhibiting 
a  variety  of  clinical  manifestations,  weiv  iiivestigntetl  by  serologic  methods  for 
evidence  of  infection  with  the  virus  of  Japam>se  H  eiu‘c|)li!ilitis.  Of  these, 
only  11  yielded  unequivocal  evidence  of  the  specific  infection ;  all  of  tbest>  were 
im  vaccinated  and  |)resented  iiuKlerate  to  severe  clinical  signs  of  cerebral  involve¬ 
ment.  Tw<»  of  the  eleven  died,  and  autopsy  revealed  diffuse  cerebral  lesions 
eompntible  with  a  diagnosis  of  viral  encephalitis.  Of  this  group  of  11  patients, 
8  bad  onset  of  disease  between  18  July  an<t  11  .\ngnst,  1  on  15  August,  and  2 
on  21  Aiigtist.  Among  the  reinaiiiing  27  patients,  there  were  only  2  who  ex- 
bibiteil  complenient-flxinp  antilxxlies  for  the  Japanese  B  virus.  Like  others 
in  this  gniup,  without  any  serologic  evidence  of  infection  with  the  Japanese 
B  vims,  these  two  patients  presented  only  a  mild,  aseptic  nieningilis  syndrome, 
and  since  both  had  receive<l  vaccine  shortly  liefore  they  became  ill,  it  is  possi¬ 
ble  flint  the  antibody  response  was  caused  by  the  vaccine  rather  than  by  infec¬ 
tion.  Tests  carried  out  the  following  year  on  24  American  soldiers  inoculated 
with  the  same  type  of  vaccine  showed  that  2  developed  complement-fixing 
antilxxlies  of  the  same  order  of  magnitude  found  in  these  2  patients.’ 

Tims,  it  can  be  said  that  only  11  military  personnel  were  unequivocally 
iiffecteil  by  the  vims  during  tlie  entire  Okiiinwa  epidemic,  ami  one  iintunilly 
wondjrs  to  what  extent  the  nntimosquito  measures  and  the  vaccination  might 
have  been  responsible  for  this  low  incidence.  Since  not  a  single  case  of  the 
disease  developed  among  the  more  than  two-thirds  of  the  total  force  of  ap¬ 
proximately  2.50,000  men  which  occupied  the  southeni  jwrtion  of  the  island 
and  remained  unvnccinated,  it  would  appear  that  a  susceptible  military  force 
sufficiently  removed  from  the  native  population  and  its  domestic  animals  is 
not  endangered  by  this  infection. 

The  serologically  proved  military  cases  nrqiiireil  their  infection  in  the 
extreme  northern  portions  of  the  island,  where  mosquito  control  was  rendered 
difficult  by  the  mountainous  terrain.  It  is  signiticaut  that  in  these  .same  areas 
an  outbreak  of  malaria  <liie  to  I'la»modhnn  rivar  affected  from  6,000  to  8,000 
natives,  as  well  as  several  hundred  troops,  during  the  same  ijeriod  ns  (he  en- 


*<3In<!«r,  D.  K..  MatumAto.  M..  fklilealDrrr  R.  W..  and  8abU.  A.  B. :  Naatnllalnir  and  Conpla- 
m^nt  PlzlDir  Antibodies  for  Japtineae  B  Bncepballlla  Vims  In  Vacrlaated  U.8.  Personnel  In  Jspan. 
Proc.  »oc.  Rxper.  Rlol.  k  Med.  6S  :  130-140,  MajrlMT. 
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ce|>linlit)s  >vas  in  progress.*"  It  is  aLso  of  interest  tliat  wliile  most  of  the  mili¬ 
tary  government  people  were  vaccinated  early,  that  is,  before  the  end  of  July, 
the  only  case  of  encephalitis  among  them  was  in  one  person  who  had  escaped 
vaccination.  Since  the  last  civilian  eases  had  their  ousel  very  early  in  Septein- 
l)er  (and  infection  probably  at  the  end  of  August),  it  np])earcd  that  more  than 
one-half  of  the  inoculated  Americans  probably  received  their  vaccine  after  the 
danger  of  infection  had  already  passed.  The  risk  of  a  completely  susceptible 
groiiii,  although  variable  and  unpredictable,  was  apparently  not  so  great  as 
had  l)eon  feared.  An  outbreak  of  Japanese  B  encephalitis  which  occurred  in 
Korea  in  1940  among  1,500  unvaccinated  Americans  showed  that  umler  certain 
comlitions  the  incidence  may  be  as  high  os  1  in  500.’*  If  one  assumes  that  the 
military  population  risk  on  the  northern  portion  of  Okinawa  in  1945  was  about 
77,000  (the  number  for  which  vaccine  was  issued),  the  11  proveil  coses  of  the 
disease  yield  an  attack  rate  of  only  1  in  7,000.  Unfortunately,  the  e.\perience 
on  Okinawa  pioviJed  no  basis  for  estimating  tlic  extent  to  which  vaccination 
might  have  Iteen  responsible  for  this  low  incidence. 

Summer  encephalitis  among  Americans  in  China  in  1945. — A  small 
outbreak  of  encephalitis  in  Americans  stationed  in  the  region  of  Chih-chiang 
and  Chensi,  China,  occurred  in  July  1945.'*  Eight  patients  with  severe  clinical 
manifestations  of  encephalitis  were  admitted  between  13  and  22  July.  Two 
of  the  eight  patients  died.  In  the  same  general  locality  and  at  about  the  same 
time,  an  epizootic  of  encephalitis  affected  about  100  horses  belonging  to  the 
Chinese,  with  a  case  fatality  rate  of  about  15  percent.  The  clinical  manifesta¬ 
tions  in  the  human  cases  were  identical  with  those  in  the  serologically  unequivo¬ 
cal  coses  of  Japanese  B  encephalitis  which  occurred  on  Okinawa  at  about  the 
same  time.  Although  no  serologic  studies  are  on  record  for  the  coses  in  China, 
it  is  highly  probable  that  they  might  have  been  caused  by  the  virus  of  Japanese 
B  encephalitis.  Serologic  stmlies  carried  out  in  China  in  1946  indicated  that 
iiui|>|nireiit  forms  of  infection  with  the  virus  of  Japanese  B  encephnlitis  tire 
very  common  in  the  native  jfopnlation.'* 

Sporadic  cases  of  encephalitis,  posstbly  due  to  the  Japanese  B  vims 
in  the  Philippine  Islands. — During  a  visit  to  the  Philippines  in  September 
1945,  Col.  Dwight  M.  Kuhns,  MC,  Commanding  Officer,  19th  Medical  General 
Laboratory,  called  the  iiutlior’s  attention  to  the  fact  that  cases  of  encephalitis 
had  been  occurring  in  U.S.  Aimy  ]>ersonnel  in  various  parts  of  Luzon.  In 
going  over  the  clinical  abstracts  submitted  to  the  laboratory  by  several  general 
hospitals,  there  was  no  difficulty  in  selecting  at  least  25  typical  case  histories 
which  clinically  were  identical  with  those  just  studied  on  Okinawa.  There 


Bulletin  X<i.  21.  (HBcp  of  the  llmi«lt)uiirtprh.  Army  Rervlro  Oommand  1, 

8  Oct.  1»45. 

**  Sabin.  A.  B.«  Scblcslnacr,  H.  W.«  OIndrr.  D.  R..  and  Mntumoto,  M. :  JnpancM*  B  Kncephalltla 
In  Amcrlca-n  Soldlcm  In  Koren.  Ani.  J.  Hyc.  46:  366-375.  NoTcmber  1D47. 

'*Kai«entUl  Technical  Medical  Data.  Ilcnilqiiarteni.  U.M.  Anny  KurccM.  China  Thcntcr.  f«>r  .ftilv 
1045.  dated  4  Sept.  1M6. 

>*Sabln.  B..  Schlealnfrer.  R.  W..  and  Oiiider.  D.  R. :  rilnically  Apparent  nnd  Inappareiit  lnf«*c. 
tion  With  Japaneae  B  KncephalltU  Vlrua  In  Hhanahal  anil  Tleataln.  l*ror.  Hoc.  Kxiter  Biol  9t  MhI 
65:  IK.1-187.  Jane  1947. 
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were  either  no  fiitnlities  suiiong  tliem  or  the  fatal  cases  were  i-e|)orted  ns  polio¬ 
encephalitis.  The  cnses  had  occurre<l  in  July  and  August  1945,  and  single 
serum  specimens  were,  avnilnble  on  Sieven  patients.  However,  positive  tests  for 
I'oinjileiiient-K.'ciiig  or  neiitnilizing  iiiitilKMlies,  or  lartli  ly])e.s,  vveiT  olitiiiiieil  on 
all  seven  sera.  Simultnneons  tests  on  five  other  sera  obtained  from  American 
patients  with  other  clinical  conditions  in  the  same  hospitals  in  the  Philippines 
yielded  negative  results.  Since  no  Japanese  B  encephalitis  vncciite  was  used 
in  the  Philippines,  these  results  suggested  the  possibility  that  the  virus  of 
Japanese  B  encephalitis  was  also  nresent  in  tlie  Philippine  Islands.  Since 
only  a  single  s|K.'cimen  of  serum  was  available  on  each  patient,  a  conclusive 
iliagiKtsis  could  not  lie  made.'*  Snl>se<|uent  semlogic  studies  in  the  Philippines 
on  normal  Filipinos  and  patients  with  encephalitis,  as  well  as  on  horses,  cattle, 
and  goats,  yielded  further  evidence  indicative  of  the  presence  of  the  Japanese  B 
encephalitis  virus  in  the  Philippine  Islands.*' 

Postvaccinal  encephalitis. — It  is  estimated  that  at  least  It)  million  indi¬ 
viduals  were  vaccinated  against  smallpox  in  the  Army  during  1942^5.  The 
medical  histories  of  eight  cases  of  postvaccinal  encephalitis  reported  for 
1942-45  were  examined  by  this  author.  The  diagnosis  appeared  doubtful  in 
four  of  these  because  the  interval  between  vaccination  and  onset  of  nervous 
symptoms  was  either  as  short  ns  2  to  3  days  or  ns  long  ns  31  days.  Two  of  the 
four  doubtful  cases  were  fatal;  the  pathologic  diagnosis  in  one  was  infective 
IKilyiieiironitis,  iiiul  no  siK^'iniens  were  submitted  in  the  other.  In  the  i-eniaining 
four  cases,  tlie  history  was  compatible  with  the  syndrome  of  postvaccinal 
enceiJinlitis,  the  intervals  between  vaccination  and  onset  of  nervous  symptoms 
being  7,  10, 10,  and  17  days,  respectively.  One  of  this  group  of  four  patients 
died  within  24  hours  after  onset,  and  detailed  post  mortem  studies  were  carried 
out.**  Although  only  ]>erivaBcular  infiltration  was  present  without  demyelini- 
zation,  the  pathologic  changes  in  the  nervous  system  were  not  incompatible 
with  the  diagnosis  of  postvaccinal  encephalitis.  Of  the  three  surviving 
patients,  one  recovered  completely,  one  had  some  residual  loss  of  vision,  and 
one  was  said  to  have  recovered  only  partially.  Subsequently,  the  Medical 
Statistics  Division,  Office  of  The  Surgeon  General,  U.S.  Army,  listed  17 
admissions  for  postvaccinal  encephalitis  or  encephalomyelitis  in  the  total  Army 
for  the  periotl  of  1944—45  (table  6) ,  but  this  author  did  not  have  an  opportunity 
to  study  the  records  of  these  coses. 

>*  Letter,  Lt.  Col.  A.  B.  Sabin,  MC.  to  l*reTeiittTn  Modlclne  R^rrlcf,  Ofllrf*  of  tha  Suriraon  General, 
nttn;  Brljc.  Oen.  S.  Ba^no'Jonea,  18  Jan.  I1M6,  anbjeet:  Foittire  Berolonlcal  Teatt  for  Japaneae  B 
Bncepballtla  Vlma  Wltb  Sera  From  Caaea  of  Encepballtin  In  MlllUrjr  Ffraonnel  to  tbe  Philippines 
(Julj-Aiiirast  1045). 

I*  SnUfrnnea.  K.  8.,  and  Etplrlta,  L. :  Report  on  the  Preaencr  of  Japaneae  1)  Xnrephalltla  Neii* 
tralltinir  Antlbodf  Amoof  Flllplnoa  and  Certain  Philippine  Anlmala.  An.  J.  Trop.  Med.  29  ;  210-227. 
March  1049. 

Letter.  Lt.  Col.  A.  P.  Lonf.  MC,  Chief.  Infectlooi  Dlaeaae  Control  Branch.  OSce  of  the  Suriceon 
General,  to  Dr.  W.  G.  Workman,  DiTlalon  of  Blolonfca  Control.  Katlonnl  Institute  of  Health.  tJ.8. 
Public  Health  Serrlee.  Betbeada,  Md..  28  May  1947. 

IT  Report,  A.  B.  Sabin,  M.D.«  to  tbe  Commlnlon  on  Neurotropic  VIrua  Dtoenaea.  Army  Riddeml* 
oloftenl  Board,  27  Apr.  1942,  subject:  Case  of  FoatTaccInal  EncephalUlt  In  n  Soldier  at  Fort  Tbomna. 
Ky. 
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Table  6. — /or  poett'orrinal  enfrphotiti*  {inrludiny  postvaccinal  encephalomyelitis) 
in  the  l^.S.  Army,  by  theater  or  area  and  year,  1942-^5 


IPrellmlDAry  dat*  baaed  od  aample  tabalatioaBof  iitdiviOual  miHllcal  rvcorda) 
(Rate  exprvased  aa  ntimher  per  annutn  per  1*000  averatre  sitenglb) 


Theater  or  urea 

IM4H5 

1»«4 

mi 

.Vumlier 

Rate 

Numler 

Rate 

.Vunilwr 

R..te 

1 

(1.  00 

1 

0.  00 

0.  00 

Ovcrucau-^ ; 

1 

5 

0.  (HI 

0 

5 

0.  01 

Pacific  Ocean  Area .  . 

0 

0.  (HI 

0 

.  01 

0 

Southw<*st  Pacific,. . . 

5 

0.  (H> 

0 

5 

0.  IK) 

Other  theaters.  . 

- 

0 

" 

1 

. 

Total  ovcmcan . . . 

iti 

0.  (M) 

I) 

0.  on 

10 

0  00 

Total  Army . . .  . 

17 

_ 

1).  IN) 

7 

0.  (N1 

10 

1).  00 

t  Include*  North  Africa. 

Kotk.— The  Btrenathe  on  which  the  rates  were  bused  ore  mean  siienpths  amt  will  v-ar>*  therefore  from  the  otllcial 
strenith  reporti  of  The  Adjutant  (iencrd. 

Aheolure  aero  H  Indicated  by  aero  in  the  units  column;  0.0  indicates  a  mte  of  more  than  lero  but  leas  thun  O.M  and 
0.00  a  rate  of  more  than  sero  but  leas  than  O.QOS. 


Research  Under  Army  Auspices 

Extensive  investigations  were  carried  out  during  tlie  war  years  on  the 
epidemiology  of  the  arthropodbome  virus  eneeplialitides  and  on  the  develop¬ 
ment  and  evaluation  of  vaccines  for  human  use.  The  work  of  Haminon  and 
Reeves  at  the  George  Williams  Hooper  Foundation  of  the  University  of  Cali¬ 
fornia  on  western  equine  and  St.  Ix>ui3  encephalitis  established  the  imjmrtance 
of  various  mammalian,  avian,  and  insect  hosts  in  the  natural  histoiy  of  these 
viruses  and  incriminate<l  Culex  tarsalit,  and  probably  also  Cuiex  ptptenx,  as 
the  most  important  mosquito  vectors  during  epidemics  and  epizootics  of  these 
diseases.”  Tlie  same  investigators  also  demonstrated  the  ability  of  seven  s|)e- 
cies  (three  genera)  of  California  mosquitoes  to  transmit  the  virus  of  Japanese 
B  encephalitis  under  experimental  conditions.”  The  first  American  Held  in¬ 
vestigations  on  Japanese  B  encephalitis  on  Okinawa  in  1^5  also  brought  to 
light  the  importance  of  various  mammalian  domestic  animals  in  the  natural 


u  Ilimiraon.  W.  MeD.,  md  R««T«a,  W.  C. :  Recent  AdTanee*  In  the  Epldemlolofx  of  the  Arthropod* 
borne  ViruR  Knreplialltklei ;  lacludlnif  Certain  Exotic  Typen.  Ana.  J.  Pub.  Health  38:  &M-1004. 
October  IMS. 

**  Reeret.  W.  C.,  and  HnmaMm,  W.  McD. :  Lnboraterr  TmoamlMloa  of  Japaneiie  B  BaeephalUto 
Tima  by  Serea  Bpedea  <Ttaree  Genera)  of  North  Amerlean  Ifoaqultoea.  J.  Exper.  Med.  83:  185-lM. 
Marrh  1946. 
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history'  of  tills  vims  iiiul  supjjeslwl  tlint  iloinestic  fowl  probably  were  not  impli¬ 
cated  in  the  infection  clmin.‘° 

Although  large-scale  vacciimtioii  of  horses  against  both  eiislerii  and  west¬ 
ern  etiuiiie  eii('e)ihiililis  had  lietui  iisimI  sin-cessfiilly  in  the  I'niled  States  since 
1935,  human  vaccination  against  these  virus  infections  had  been  practiced  on 
a  limited  scale  before  1042,  chiefly  among  laboratory  workers.  Following  the 
first  extensive  e))ideinic  of  western  equine  encephalitis  in  1041  in  Xortli western 
United  States  and  in  Canada,  approximately  3,000  Canadian  farmers  were 
vaccinated  in  1942  with  formalized  chick  embryo  vaccine  pre]>arcd  by  the 
Lederle  Company.  Through  the  coojieratioii  of  Drs.  F.  W.  Jackson  and  C.  R. 
Donovan  of  the  Province  of  Manitoba,  members  of  the  Commis.sion  on  Neiiro- 
tropic  Virus  Di.seasos  of  the  Aniiy  Kpideniiological  Hoiinl  wei-e  emibleil  to 
determine  the  incidence,  speed,  and  persistence  of  the  antibody  response. 
Tests  for  neutralizing  antibody  indicated  that  while  a  single  dose  of  1  cc. 
of  the  vaccine  nse<l  was  effective  in  stiiiiuliitiiig  a  significant  antibmly  res)M>use 
in  7  percent  (of  30  persons)  at  the  end  of  1  week  and  in  70  percent  (of  13  jter- 
sons)  at  the  end  of  2  weeks,  two  doses  of  1  cc.,  1  week  apart,  produced  a  100- 
percent  response  in  17  persons  at  the  end  of  2  weeks,  which  persisted  for  4 
months  in  81  percent  of  10  persons  tested.  Seven  of  the  persons  who  were 
positive  at  4  months  were  still  positive  at  the  end  of  1  year  in  tests  performed  by 
Olitsky,  .Morgan,  and  Sidilesiiiger.”  Compleinent  fixation  tests  carried  out  l>y 
Dr.  J.  Casals  on  the  2-week,  4-montli,  and  l-j'ear  specimens  of  the  same  seven 
persons  were,  however,  all  negative.  During  an  outbreak  of  western  equine 
encephalitis  in  Kem  County,  Calif.,  in  1943,  Ward  **  vaccinated  280  of  a  group 
of  575  Mexican  agricultural  workers,  but  no  cases  of  the  disease  developed  in 
either  the  vncciiinted  or  the  uii  viicciimteil  group. 

The  ilesign  of  research  on  vaccines  for  St.  I..ouis  and  Japanese  B  enceplw- 
litis  was  influenced  by  the  fact  that  they  would  be  used  in  the  face  of  epidemics 
which  run  their  course  in  a  few  weeks.  Accordingly,  it  was  necessary  that  the 
vaccines  lie  ra]inble  of  conferring  protei'tion  rapidly,  that  is  within  at  least  1 
week  rather  than  after  a  scries  of  many  doses  over  a  period  of  many  weeks,  and 
that  they  should  retain  the  desired  potency  after  storage  for  long  perimls  of 
time.  These  objectives  were  achieved,  at  ieast  so  far  as  it  was  possible  to 

*  (M  footnote  8.  p.  13.  (21  Ai  tli«  m(«lt  of  eiteiiitlTe  InreotlKitlono  of  the  ecoloiCT  of 

Japanese  encephalitis  In  Japan,  condveted  4<iiinf  the  period  19^9-99,  Bcberer  and  Rpeacher  came  to 
the  eonclualon  that  the  prlmarj.  If  not  the  nolo,  aioeqvlto  Teeter  was  00*9  IHtcenierhimcIliMj  and 
that  In  the  Tlrua^Tcle  moltlple  hoets  were  InroiTod— **tho  wild  aviaa  and  porrlno  anpllfylair  hoata" 
In  adflitloB  to  man.  ffrr  ftcherer.  W.  F..  Bn^ecH^r.  K.  L..  et  a|.  :  (eerleii  of  nine  paprmi  An.  J.  Trop. 
MhI.  Jk  Hjrr.  8  :  048-723,  Norember  IPW. 

"  Reports.  A.  B.  Sabin  and  R.  Ward,  to  Coaimlioloa  on  yearotrapie  VIma  Dtneaaeo.  Amy  Bpideitil* 
olofffcal  Board,  dated  1  Aup.  1942  and  4  Apr.  1943.  anbieet:  Reoalta  of  NeatralUatlon  Teats  Before 
and  After  Yacdnatlon  of  lUman  Beinpa  (Caaadal  With  Weatera  Ronlae  EncephalonyelltU  Chick 
Embryo  Vaedne  (Lederle). 

"Preliminary  Report.  P.  K.  Olitsky.  I.  If.  Iforfma.  and  R.  W.  Behlealnxer.  to  the  Commlaalnn  on 
Neurotropic  VlruH  Dlaeaaea.  Army  EpldemlcHoflcal  Board.  21  June  1943»  anbject:  Pol1ow*np  Study  of 
the  1943  Canadian  Vaodnatlon  Series. 

*■  See  footnote  22. 

"  Reports,  Robert  Ward.  U.D..  to  Commission  on  Nevrotroplc  Virus  DloMsea.  Army  Rplrtemloloylcal 
Beard.  5  Auir.  1943  and  23  Jan.  1944.  subject:  Vacdnatloa  of  Mexican  Arrlcnlture  Workers  Ayalnat 
Western  Bqulne  Sncephalomyelllla  In  Kern  County.  Calif. 
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clpienniiio  in  tests  on  inii-e  iiiHler  <li‘finftL  experimeiitnl  ronditioiis.”  Siicces* 
dejieiMliMl  (III  llie  selei-tioii  of  ( 1 )  tile  Itest  si  ill  in  of  vims,  (:2)  the  host  ill  wliicli 
maxininl  in-oiittpil  ion  was  olifained,  (3)  the  most  suilnble  procedure  of  destroy- 
iiif;  iiifei-tiviiy  of  the  virus  willioiit  loss  of  anti|];enicity,  niid  (4)  the  most  suit¬ 
able  iirocwhire  for  assayinfr  antigenic  potency.  It  also  depended  on  the 
disi-overy  that  ]ireservation  of  aniigenic  ])otency  on  storage  could  be  achieved 
either  by  siiecial  concent  rut  ions  of  formalin  or  by  lyopliilization  iiiitler  deHiieil 
conditions. 

.V It  hough  It  proveil  [lossihle  to  pitMliice  resi.stnnce.  in  mice  williin  1  week 
by  two  doses  of  vaccine,  many  of  the  mice  had  no  neutralizing  antibody  at 
thi.s  stage,  and  tests  on  human  volunteers  indicated  that  antibody  did  not 
appear  before  2  weeks  after  inoculation.”  Nevertheless,  the  as.say  method, 
which  was  finally  selected  for  the  Japanese  B  encephalitis  vaccines,  produced 
on  a  large  scale  for  use.  by  the  Army,  measured  the  minimal  amount  of  vaccine 
which  was  capable  of  protecting  mice  within  1  week  after  the  first  inoculation. 
Although  satisfactory  lyophilized  vaccines  could  be  prepared  when  the  work 
WHS  done  on  a  small  laboratory  scale,  pilot  tests  by  Sharp  &  Dohme,  Inc.,  by 
the  methods  employed  commercially  in  1943,  yielded  products  which  were 
largely  denatured  and  practically  without  antigenic  potency.  Accordingly, 
the  Japanese  B  encephalitis  vaccine  which  was  finally  prepared  on  a  large 
scale  for  the  Armed  Forces  consisted  of  10  percent  uncentrifuged  motise  brain 
8u.s|ieiision  in  physiologic  salt  solution  in  which  the  virus  was  inactivated 
by  OJ  percent  formalin  at  2°  to  .'i®  C..  the  final  product  being  stored  and 
shipped  in  the  fluid  state  in  the  cold.  Preliminary  tests  of  such  a  vaccine, 
poseessing  on  mouse  assay  a  riO-percent  immunogenic  dose  of  0.0055  cc.,  admin¬ 
istered  ill  2  doses,  2  oc.  each,  .3  days  apart,  to  the  personnel  of  the  commercial 
Isboratories  engaged  in  the  large-scale  production  of  this  vaccine,  indicated 
that,  at  2  weeks  after  inoculation,  52  percent  of  25  persons,  aged  from  18  to 
■‘15  years,  developed  significant  titers  of  neutralizing  antibody.”  This  pro¬ 
vided  the  basis  for  the  manner  in  which  the  vaccine  was  subsequently  used 
on  a  large  acale  in  military  personnel  on  Okinawa.” 

SUMMARY  AND  EVALUATION  OF  EXPERIENCE 

Tlie  teniis  “encephalitis”  and  “encephalomyelitis”  were  used  without 
qiialits'atinii  for  a  variety  of  unrelated  clinical  and  epidemiologic  entities, 
and  no  reliable  statistics  are  available  on  the  relative  incidence  of  the  various 


=*  tuMs.  A.  ft.,  iNiffy.  <*.  E..  Wmrrtm,  J..  Ward.  R.,  Pf^k.  J.  L..  Jr.,  end  Rvciimaii.  1.  r  Tb« 
Ht.  aiid  Ja|Mi»9*iP  B  Tjrpm  Rpidamtg  Eaccphalllla :  li«TMopai»iit  of  Nonlnf^ctlT#  VardiiM : 

RaiHirt  »t  Raalr  Data.  J  A.M.A.  133  :  4T7^M,  Juii»  11M.T 

A.  B  .  ••4  iNiffj.  r.  R:  Astlbodr  RMPorac  of  JInman  Belnjni  to  Centrlfos^,  Ljophlllicd 
Jmpmmmm  B  EiicyphalMla  Va«rUi».  Proc.  Boc.  Ezper.  Bloi.  A  Med.  85 :  12.V128.  Umj  1M7. 

JUMa.  A.  B. :  AattBod/  ReafinBBe  of  People  ut  Different  Asm  to  Two  Done*  of  racentrlfaced, 
Japoneae  B  Kawplulltta  Taeetae.  Prot.  8oc.  Ezper.  Bktl.  A  Med.  66 ;  127-130.  Maj  1947. 

»  <1»  Xae  fiifitnota  %,  p.  13.  i2>  Kor  ao  official  description  and  dlacuaslon  of  the  Japanese  B 

HifapiMiHtta  raeela**  mrr  AHbfirP. :  Tli«>  Army  Tminnnlaailon  Proftran.  In  Medical  Department, 

United  Btateo  Arni^.  Prereatlvc  MedlHae  in  World  War  II.  Volume  111.  Personal  Health  Meaaurea 
and  ImniaaUatloa.  WaAliirton :  U.ft.  OcsTcmmenl  Prlntlnir  Ofllce.  1255,  pp.  327-331. 
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forms.  All  exnniiiiutioii  of  Inrge  iiiiiiibers  of  cliniciil  mwils  siipjrests,  however, 
tlint  tlic  vast  iiijijon'ty  of  tlie.  “Iiiiiulreds"  of  cases  of  eiicepliiilitis  reixiiled 
between  1940  and  1945,  cliiefly  in  tlie  United  States,  were  instiince.s  of  to.xic, 
eiiceplialopiitliy  associated  with  various  bacterial  infections  or  <x.-ciirre<l  in 
association  with  niiniips,  measles,  (ierinaii  measles,  oi‘  cliickenpo.x.  Althoiif;h 
11  group  of  12  cases  of  mild  enceplialiti.s  of  uiiidentitied  etiology,  but  possibly 
due  to  an  arthropodliorne  virus,  occurred  during  maneuvers  in  Texas  in  1941, 
no  other  epidemic  of  viral  encephalitis  occurred  among  the  Armed  Forces 
in  the  United  States.  The  oidy  ideiitiKed  outbreak  of  encephalitis  occurred 
on  Okinawa  in  1945,  where  11  iiiiecinivcM'al  cases  of  Japanese  B  encephalitis 
were  confirmed  by  laboratory  methods,  although  ii  total  of  38  cases  with 
various  clinical  manifestations  referable  to  the  nervous  system  were  investi¬ 
gated.  Similar  small  outbreaks  of  encephalitis  occurred  in  1945  among  Amer- 
icati  forces  in  China  and  in  the  Philippine  Islands,  aud  although  they  were 
either  not  investigated  or  incompletely  studied  by  laboratory  methods  the 
|>os.sihility  e.\i.stH  that  these  were  also  duo  to  the  vims  of  Japanese  B  encephu- 
litis. 

The  leasons  learned  on  Okinawa  regarding  the  potential  threat  to  n  mili¬ 
tary  force  of  an  epidemic  of  encephalitis  due  to  the  Japanese  B  encephalitis 
vii'us  were  as  follows; 

1.  The  incidence  of  the  disea.se  among  susceptible  military  personnel 
liK-nted  close  to  a  fiK'iis  of  infection  is  ini predictable  hut  can  lie  very  snitill. 

2.  The  disease  did  not  occur  among  military  personnel  stationed  at  a 
distiiiice.  of  many  miles  fnaii  the  native  |M>]>iiIation  and  their  domestic  niiiimils. 

3.  Vaccination  of  a  large  force,  in  the  field  is  so  time  consuming  a  tusk 
fhat  one  niiiy  exiiect  to  gain  verj’  liffle  from  it  when  it  is  sfnrted  once  nii 
epidemic  is  well  estnhlislied. 

4.  The  pressure  of  moral  ami  other  considerations  is  so  great  during  an 
epidemic,  whose  ultinuife  course  is  unpredictable,  that  when  a  vai-ciiic  of 
potential  though  unproveil  value  is  available,  it  is  good  jiolicy  to  lie  pre|Kire(l 
to  use  it  iiitelligentiy. 

Besearcli  carried  out  under  the.  niispii’es  of  the  Preventive  Medicine  Serv¬ 
ice  during  World  War  II  led  to  a  better  understanding,  nithongh  only  partial 
elucidation,  of  flie  natural  liistoiy  of  the  ai-tliroiKxlliome  viriil  eiiceplialitides 
iiiid  to  the  (levi'lopnient  of  viicciiies  for  Jnpaiiese  B  iiml  St.  Iaums  ence])hiilitis 
suitable  for  field  trial  in  case  of  need. 


CHAPTER  III 

Bartonellosis 

Marshall  Hertig,  Ph.  D. 

Bartonellosis  is  a  specific  infections  disease,  at  times  fatal,  caused  by 
Bartonella  haciUiformh  and  transmitted  by  the  bite  of  Pklehototmu.  The  dis¬ 
ease  is  limited  to  certain  parts  of  Peru,  Ecuador,  and  Colombia.  The  disease 
was  not  a  military  jiroblem  in  World  War  II.  American  troops  stationed  in 
Peru  (Talara)  and  Ecuador  (Salinas)  were  outside  the  endemic  areas.  How¬ 
ever,  since  some  of  the  exj^rimental  work  on  protective  measures  and  control 
of  sandflies  and  sandflybome  diseases  was  done  in  the  Peruvian  verruga  /one, 
an  account  of  the  disease  and  its  setting  may  be  appropriately  included  in  this 
history. 

HISTORICAL  NOTE 

Bartonellosis  sprang  into  prominence  in  the  ISTO’s  when  llic  railroad  from 
Lima  to  Oroya  was  being  built.*  After  the  construction  reached  elevations 
above  1,000  meters  and  4.5  or  50  kilometers  inland  from  Lima,  there  were  a  great 
many  fatal  cases  of  what  was  apparently  a  new  disease.  Of  some  7,000  deaths 
among  the  workmen,  from  all  causes,  the  majority  were  thought  to  be  from 
the  new  disease,  which  received  its  name,  Oroya  fever,  from  the  railroad’s 
projected  terminus.  There  began  a  controversy  in  medical  circles  as  to  whether 
or  not  Oroya  fever  had  any  relation  to  the  well-known  verruga,  a  relatively 
mihl  eruptive  disease  endemic  in  the  same  region.  The  name  Carrion’s  disease, 
applied  to  both  tyjies,  was  derived  from  the  classic  exijeriment  of  Carrion,  a 
medical  student,  who  in  1885  inoculated  himself  from  an  eruptive  case  and  died 
apparently  with  the  anemic  form  of  the  disease.  The  controversy  was  finally 
settled  only  with  the  cultivation  of  the  etiologic  agent  by  Xoguchi  and 
Battistini,*  in  1026,  which  provided  the  clinching  evidence  that  the  two  chief 
clinical  syndromes,  which  differ  so  remarkably,  are  actually  manifestations  of 
one  and  the  same  disease. 

ANEMIC  AND  ERUPTIVE  FORMS  OF  BARTONELLOSIS 
Symptomatology 

The  anemic  form  of  the  disease  (Oroya  fever)  has  an  incubation  period  of 
about  3  weeks.  The  (uiset,  with  irregular  fever  and  general  malaise,  is  followed 

'  For  •  kUlortm  raaiBtrr  k«  Bcrtla,  M. :  Pbleiiotoiaui  nd  Carrido'i  mieaie.  Am.  J.  Trap.  Med. 
22  (Suppl.)  ;  1-80.  Julr  IM2. 

*  Kocuchl,  H..  and  Battletinl,  T.  8. ;  Etlolopj  of  Orojro  Fner.  I.  Cultlrillon  at  Bartonella 
baeilUrormlo,  S,  Eiper.  Med.  43 :  831-864,  Jane  1S26. 
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by  n  rapidlj’  developing  profound  nneniin,  aec()ni)):uiipd  at  times  by  pains  in 
bones  and  joints.^  The  mortality  of  this  form  of  the  disease  varies  from  20  to 
To  percent.  During  the  anemic  phase,  the  minute  rodlike,  coccuid,  and  fila- 
ineiitoiis  forms  of  If.  bafiUiformis  may  be  found,  often  in  great  numbers,  in  or 
on  the  red  cells.  If  the  patient  survives,  there  usually  follows,  after  a  variable 
interval,  the  typical  eruption. 

The  eruptive,  form  (verruga  peruana)  usually  has  no  niiirkeil  nueniic  phase. 
This  benign  type  of  the  disease  includes  by  far  the  largest  ])roportion  of  the 
total  numlier  of  infections.  The  inciilMition  peritnl  is  variable  and  may  be  us 
much  as  a  month  or  two.  The  onset  is  characterized  by  bone  and  joint  pains, 
irregular  fever,  and  malaise.  Sooner  or  later,  at  times  after  months,  during 
which  there  may  have  been  remission  of  the  sym|>toms,  the  eruption  appears, 
with  or  without  the  initial  syi.iptoms.  The  eruption  takes  the  form  of 
hemangioma-like  nodules,  commonly  from  2  to  3  mm.  in  diameter  but  varying 
from  minute  points  to  raised  nodules  of  10  or  20  mm.  m  diameter,  which  give  the 
disease  its  name,  verruga  (Spanish  for  wart).  The  nodules  are  distributed 
chiefly  on  the  extremities  and  face  and  vary  in  number  from  few  to  thousands. 
They  are  not  painful.  The  eruption  nsnnlly  lusts  a  month  or  two  and  finally 
heals  without  leaving  scars. 

Proportion  of  Severe  Anemic  to  Eruptive  (jises 

The  evidence  is  rather  unsatisfactory  as  to  the  proportion  of  total  infec¬ 
tions  which  develop  the  severe  anemia.  It  appears  that  it  may  vary  in  different 
places  and  at  different  times.  In  any  case,  the  anemic  f^rm  has  been  rare 
among  natives  of  the  vemiga  zone  in  Peru  in  recent  years.  Most  of  the  anemic 
cases  have  been  in  adults,  who,  without  previous  exposure  to  the  disease,  were 
engage<l  in  construction  work,  exploration,  or  guard  duly.  During  the  early 
history  of  the  disease  in  Peru,  the  propo."tion  of  severe  anemia  and  the  mortality 
must  have  been  I'ery  high,  to  judge  from  the  great  number  of  fatal  cases  that 
occurred  during  the  railroad  construction  and  from  the  separate  accounts  of 
10  to  75  percent  of  the  specific  groups  dying  from  ‘he  disease.*  (The  mortality 
in  the  Colombian  ep'deniic  (see  p.  27)  was  als  .y  high.)  However,  during 
the  author's  stay  in  Peru,  1037-42,  the  proporti>/ii  of  anemic  cases  was  distinctly 
low.  The  author  was  able  to  follow  more  or  less  closely  the  fate  of  guards 
stationed  at  railroad  bridges  in  the  Riinac  Valley  verruga  zone  during  the  war.* 
About  tliree-fourtlis  of  the  iionimmune  persons  contracted  the  disease  during 
a  l-nioiitb  tour  of  duty.  IVlien  the  tour  was  extended,  about  nine-tenths  ac¬ 
quired  tiie  infection  within  4  months.  About  150  men,  immune  and  non  immune, 
were  involved,  with  about  100  cases  among  them,  only  4  of  which  were  fatal. 
During  this  same  period  before  any  control  method  was  known,  there  were 


*For  A  ellolcAl  account,  arc  Slronit,  Rlcbard  P. :  Stltl'n  Dlainioi4«,  Prevention  and  Treatment  of 
Tropical  IMaeticii.  7tb  edition.  Phlladelpbla :  Tbo  BlakUlon  Co..  1944,  toI.  II,  pp.  P97~1014. 

*  See  footnote  3. 

*Howe.  C.»  end  Hertlir.  M. :  Prophylactic  Immunlutlon  Asalniit  CarrlOn’t  Dlnetee.  J.  Imnanol. 
47  :  471>482.  December  1P4.7. 
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several  large  construction  projects  with  iiinii}*  workmen,  but  there  were  only 
scattered  cases  of  the  severe  anemic  form. 

Vaccination 

A  (letiiclinient  of  22  nonimmune  bridge  guards,  not  included  in  the  afore- 
inentione<l  totals,  was  inoculated  with  formalized  suspension  of  B.  bacillifonnit.^ 
While  slightly  over  one-half  the  guards  became  infected  during  the  7  months 
they  were  under  observation,  the  clinical  course  was  remarkably  mild.  It  was 
concluded  that  vaccination  might  be  of  value  in  ameliorating  the  course  of  this 
iwtentially  serious  disease. 

Therapy 

There  is  no  specific  therapy.  In  a  recent  visit  to  Peru,  tlie  author  was 
informed  tliat  results  with  the  newer  antibiotics  were  conflicting.  In  the  treat¬ 
ment  of  the  severe  anemic  cases,  massive  blood  transfusions  have  at  times 
been  valuable.' 

Immunity 

The  immunity  from  a  single  attack  is  considerable  but  not  solid.  Repeated 
attacks  are  known  but  usually  run  a  mild  clinical  course.  Natives  of  the  verruga 
zone  usually  acquire  the  disease  as  mild  childhood  infections  and  in  general 
do  not  regard  the  disease  seriously.  In  certain  surveys,  about  10  percent  of  the 
local  population  have  been  sliown  to  harbor  B.  bacilliformig,  with  or  without 
a  previous  histoiy-  of  the  disease.' 


Etiology 

B.  bacilli  form  in,  of  uncertain  systematic  position,  is  probably  related  to  the 
bacteria.  It  is  a  minute,  gram-negative  micro-organism  comparable  in  size  and 
general  appearance  to  the  rickettsiae,  with  rodlike,  coccoid,  and  filamentous 
forms.  It  is  cultivable  in  Noguchi’s  semisolid  medium  and  its  later  modifica¬ 
tions.  Subcultures,  but  not  primary  isolations,  are  successful  on  ordinary  blood 
agar.  The  organism  is  at  times  motile  by  means  of  a  terminal  tuft  of  flagella. 
Bartonella  may  usually  be  recovered  in  culture  from  the  blood  at  any  stage  of 
any  clinical  form  of  the  disease  and  also  from  the  nodules. 

EXPERIMENTAL  INFECTIONS 

Monkeys  are  the  only  animals  known  which  can  be  readily  infected. 
Intradermal  injections  of  cultures  or  tissue  from  nodules  give  rise  to  typical 
nodules  at  the  sites  of  inoculation,  which,  however,  is  ordinarily  not  the  case 
with  BartoneUa  fitnn  other  sources,  for  reasons  not  imderstood.  The  inocula- 

*  R##  footnote  p.  24. 

^Ho^r*on.  C.  H. :  The  Treotmeot  of  Dlee««e  Wltb  Lirf*  Trtaifaeioni.  Am.  J.  Trop. 

Il«d.  27 :  6t-72.  Jinuarj  IMT. 

"WrtBmin.  D..  and  Plnk^oo,  H. :  CarrMo'i  Dlafaie.  IV.  Nataral  SonrcM  of  Bmrfnellm  in 
tbe  Endemic  Zone.  Proc.  Soc.  Exper.  Biol,  k  Med.  27  :  59B>&96.  December  1937. 
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tioii  of  lilfMxl  or  tissues  fi-otii  iiii  aiieiiiir  patient,  or  stib])ensions  of  aaiulflies,  or 
infective  bites  of  sandflies,  produce  infection  in  Rliesus  monkeys,  which  is 
demonstrable  by  blood  culture  but  without  any  estemal  sign.  The  anemic  form 
of  the  disease  is  extremely  rare  in  experimental  infections.  A  single  specimen 
of  field  mouse  lias  been  found  naturally  infected,  but  attempts  to  infect  this 
specimen  and  other  rodents  in  the  laboratory  failed.* ** 

TRANSMISSION 

For  many  years,  it  wa.s  thought  that  the  disease  came  from  drinking  water 
of  the  endemic,  area,  but  with  the  realization  about  1909  that  the  disease  was 
contracted  only  at  night,  attention  was  immediately  directed  to  insects  ns 
vectors.  Townsend,  in  1913,  first  discovered  the  presence  of  Phlehotomua  in 
Peru  and  showed  that  the  distributimi  of  Phlchotomus  vemicamm  was  corre¬ 
lated  with  that  of  the  disease.'*  Noguchi "  and  his  associates  showed  that 
sandflies  of  the  verruga  zone  harbored  the  etiologic  agent.  The  author  ”  was 
able  to  transmit  the  infection  to  Rhesus  monkeys  by  the  bites  of  wild-enught 
P.  verrucnrum. 

P.  verrucnrum  is  the  principal  and  perhaps  the  sole  vector.  Only  one  other 
sfiecies,  Phlebotomus  noguchi,  is  found  throughout  the  verruga  zone,  and  it 
does  not  feed  on  man.  Phhhotomux  ■perucmh  is  limited  to  the  upper  half 
of  the  verruga  zone,  and  ^Var^^eya  phlehotomanica,  a  close  relative  of 
Phlebotomm,  is  rare. 

There  are  still  a  number  of  unsolved  phases  of  the  transmission  problem. 
The  source  of  the  sandfly  infection  is  unknown.  From  the  readiness  with  which 
the  infection  may  be  acquired  in  certain  areas  which  are  all  but  uninhabited 
the  reservoir  is  probably  other  than  man.  Tliere  has  been  mentioned  the 
instance  of  a  naturally  infected  field  mouse,  but  the  failure  to  infect  this  and 
other  animals  leaves  the  question  open.  No  cycle  of  development  of  Bartonella 
in  the  sandfly  has  been  demonstrated.  Certain  massive  infections  of  the  tip  of 
the  proboscis  with  various  micro-oiganisms  of  unknown  origin  may  eventually 
be  shown  to  have  some  bearing  on  tlie  source  of  the  Bartonella  infection.  The 
great  majority  of  the  proboscis  infections  are  caused  by  a  cultivable,  unidentified 
micro-organism,  but  B.  bacilliformit  has  been  isolated  twice  in  cultures  from 
such  infected  proboscides.'* 

It  may  be  remarked  that  in  the  Peruvian  verruga  zone  cutaneous  leish¬ 
maniasis  also  occurs,  but  its  distribution  by  no  means  coincides  with  that  of 
bartonellosis.  It  is  limited  to  the  upper  part  of  the  verruga  zone,  though 
it  also  occurs  in  other  parts  of  Peru  where  there  is  neither  verruga  nor  P. 
verrucarum,  but  where  there  are  other  spedee  of  Phlebotomw. 


*8ee  footnote  1»  p.  23. 

'*8ee  footnote  1.  p.  23. 

"NofnekU  R.«  Bhennoa,  R.  C.,  TUdeo,  E.  B.»  and  T7itr»  J.  R. ;  Et1«lo|,7  of  Oroya  Ferer.  XIY. 
The  Inaeot  Veoton  of  Carrtdn*!  Dleeaee.  J.  Rsper.  Med.  43  :993>1]08,  June  1929. 

**  See  footnote  1,  p.  23. 

^See  footnote  1.  p.  23. 
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Tlio  life  liistoi'j"  of  /’.  rt  rrtu-urtini.  is  OHseiitially  similar  to  tliiit  of  /‘h/rbot- 
omiM  <le.scril)e<l  in  chapter  IX,  p.  113.  Hrcctliiiji  is  coiitiiiiious 

tliroiipliout  the  year  aitd  there  is  no  diapause.  (Hartoiiellosis  is  likewise  con¬ 
tracted  lit  any  time  of  the.  year.)  Ilroedinp  pliices  are  chiefly  in  ns'k  crevices 
and  under  boulders  or  stone  walls.  The  vep*tation  of  the  vcrriipi  zone  is 
s<‘niity,  and  there  are  few  liirj»e.  trees.  Dinnial  shelters  ineinde  the  la’isMling 
places,  tofjether  with  caves  atnl  lionsi*s,  wliicli  the  sanilllies  enter  freidy.  They 
are  active  from  dusk  l<i  early  morning,  and  only  rarely  do  they  bite  by  day. 

The  noctiinial  habit  of  the  sniidlly  hits  lM>en  taken  advnnt!it;e  of  in  one 
very  effective  nielhotl  of  preventinp  the  disetise  which  has  been  )>ractic«l 
for  40  years  by  thoCentnil  linilroiid  of  Pern.  Construction  crews  are  renioveil 
in  special  work-trains  every  aftcnnsui  to  a  town  below  the  vernigii  zone  and 
taken  back  in  the  moniing. 

DISTRIBUTION 

In  Peru,  the  disease  is  limitetl  chiefly  to  the  Pncilic  sioite  of  the  Andes 
lietween  (5®  north  and  13°  .south  and  at  altitudes  between  800  iiiid  3,000  meters 
above  sea  level.  The  most  intense  foci  iiiid  those  which  have  Iteen  l)e.st  studied 
are  in  the  valley  of  the  Itiiunc  River  ninl  its  tributary,  the  Santa  Enhilia,  and 
ill  the  Callejon  de  lluaylas,  a  portion  of  the  valley  of  the  Santa  River  in  the 
Department  of  Ancash.  P.  vfrrw<intm  is  found  tliroiigliout  the  Pcriiviau  ver- 
rugti  zones,  ns  far  as  studies  have  gone,  and  has  not  Iteen  found  elsewhere  in 
Peru  or  in  other  countries. 

In  Ecuador,  bartoiiellosis  has  lieen  reporfwl  from  the  Provinces  of  Ijoja 
and  Oro.  This  author  '*  cultivated  li.  hacUliformh  from  a  blooil  specimen 
sent  to  Lima  from  the  latter  Province.  Tlierc  is  very  little  recorded  informa¬ 
tion  about  the  incidence  of  the  disease  in  Ecuador  and  none  whatever  almut 
PMrhotomvn  in  the  endemic  region. 

Early  in  1930,  in  Colombia  in  the  Department  of  Narifio  near  the  Ecua¬ 
dorian  liorder,  an  epidemic  broke  out  which  caused  an  estimated  4,000  deaths  in 
a  district  with  a  population  of  100.000.  The  disease  was  finally  diagnosed  os 
bartoiiellosis.'®  The  severe  anemic  form  apparently  preilominated.  It  was 
tliought  to  be  a  newly  introduced  disease.  The  author  visited  this  region  in 
1945.’°  By  that  time,  tlie  epidemic  had  apparently  died  out  completely  in 
those  places  where  it  had  first  appeared.  The  only  known  focus,  which  un¬ 
fortunately  could  not  be  visited,  was  represented  by  a  very  few  cases  at  the 
northern  edge  of  the  area  which  the  disease  had  reached.  Three  years  pre¬ 
viously,  sandflies,  mostly  Phlchototmu  coJombianut  (a  species  very  closely 
related  to  P,  verrucarum),  had  been  very  abundant  in  several  towns,  as  wit- 
neeed  by  collections,  examined  by  this  author,  which  had  been  made  by  Colom¬ 
bian  investigators.  In  1945,  the  author,  in  company  with  Colwnhians  who  had 

M  Bertiff.  14. :  Cnltlvn  de  It  Bmrfwmetl*  WcMN/erpiie  de  un  caso  de  rermea  cn  El  Ecuador.  Bol. 
Ofle.  Aan.  Panamer.  19  :  756-759,  Augiiat  1940. 

*■  Patlflo,  C.  L. :  Un  nuero  foco  de  tuirtonelloata  eo  Am^rlt'a.  Bol.  Ofle.  Kan  l*aaamer.  18: 
305-313.  1»39. 
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t^ikcn  part,  m  p»-pvwj»  .stwlWs,  coH«^'it<aj8  lit  a  nninlMfr  oi*  tiro  .n'li* 
tliir'mf  the  s«-TO6«»«Mh  «f  th«  and  flie  a«tn«  iBetSinxi.';  (sno^itly 
Witlr  tiorspsaslwit)-- *siin*fifli»i  wi’pcxtJvmely  fiintwR.  WJtPiva*!  in 

cosKsMwrof.ttlMimjml  <«■  mow.  sattulrtii^,  in  19W  only  fa’suSerwi.iiiwoinreBw, 
oftMi  none  at  «31,  weit*.  obtHined,  C'lesriy  something  iiatl  ImpiMfued  to  tlie  sand* 
flies.  It  is  to  be  regretted  that  this  ejjiiiemk,  which  tere  every  appearaiK*  of 
n.  iiew  ItiiKaliii'tion,  eame  and  went  without  adwjuaie  entoitiok^io  stutiies 
throHgiKait  its  rourwp;  ,, 


"P»OT|:OT^]E-AN0  control  MEASDRIS  If 

5®fi,  8tHdi«>  on  re{»Iianta  ind  eoirt rol  witJi  DOIt*  were  iindertafeen  dio  tug  the 
w^ar  h|r  i)r.  G.  B.  FaiKhlld  and  this  siuthor  ‘t  in  tite  Kimae  Vaney  iwar  Lima 
(%.  I)  mid  are  siihimamwl  in  chapter  IX  (p.  Tiii#  ttctst  wats  choigeii 
bocaiise  attacking  roan  were  ahniidant  in  »  region  eajalj  *cce«siWe  and 

intiniately  kiiowji  fd  the  author,  Many  sperries  of  Phfub^tonna  ate  so  similar  in 
the  essfflitiaJs  of  their  life  historj-  andtn  their  flight  and  fmling  habits,  espi'- 
ciafly  (l«i»  KperiuM  which  enter  luittwa  ami  hi(e  lUitu,  that  it  seemeil  likely  that 
resnltK  obtained  in  contrdl  studies  with  one  sfiecies  migiit  rwdily  he  applied  to 
■■  .(.lie  cojif  ml  of  other  'speHei?‘''Tlvi«  has  proVw!  to  ‘hh'  the  <«<*.  Ifesitluai  DDT 
hua  ljeen  shown  toliecxt  rirmely  cffrfct  ive  in  the  control  of  w}?''rev'cc 


it  1ms  lieeii  fried, 


kIw  !nn>(»f(»r,v  wBiis.  B  frwuteef  fWirBe-irf.'the  ' 

,  h»  Uw  rWnlly.irf  a «! welling.  .  '  ,5-%.“  -  .... 

rstfcWMi: B,.J  fW .<»#««  eft{eHto«»i».»  inT^ro  Wtta  SOT  A«  J 
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CHAPTER  IV 

Dengue 

Oliver  R.  McCoy,  M.D^  and  Albert  B.  Sabin,  M.D. 

Part  I.  Epidemiologic  Considerations 


Oliver  R.  McCoy,  M.D. 

Altlioiitrli  <leii|pie  is  n  iioiifatiil  dismsF  and  seldom  lasts  more  limn  5  to  7 
days,  it  sometimes  assumed  considerable  military  importance  in  World  War 
II  because  of  its  tendency  to  occur  in  epidemics  which  resulted  in  the  sudden 
incapacitation  of  lai^  numbers  of  men.  This  waa  particularly  true  when 
nonimmune  forces  occupied  territory  in  an  endemic  area  where  control  of  the 
mosquito  vector  had  bmme  lax  and  protective  measures  for  personnel  were 
not  enforced.  Conditions  during  and  immediately  following  combat  fre¬ 
quently  favored  mosquito  breeding  and  the  spread  of  dengue.  The  disease  was 
a  hazard  throughout  the  war  in  practically  all  areas  of  the  Pacific  and  iVsiatic 
theaters. 

The  incidence  of  dengue  in  the  U.S.  Army  during  World  War  II,  accord¬ 
ing  to  theaters  of  operations,  is  shown  in  table  7.  A  few  scattered  cases  were 
reported  in  the  European,  Latin  American,  Mediterranean,  and  Africa- 
Middle  East  theaters,  and  also  in  the  continental  United  States.  Although 
dengue  is  known  to  occur  in  these  regions,  the  question  may  be  raised  as  to  the 
validity  of  the  diagnosis  in  isolated  cases  because  of  the  lack  of  meaiu  for 
specific  diagnosis.  On  the  other  hand,  failure  to  recognize  dengue  and  dif¬ 
ficulty  in  diagnosis  may  have  resulted  in  the  reporting  of  cases  as  fever  of 
undetermined  origin.  In  the  absence  of  an  epidemic,  this  was  undoubtedly  true 
even  in  theaters  where  the  disease  was  prevalent. 

The  epidemic  characteristics  of  dengtm  are  well  illustrated  in  the  curve 
of  reported  incidence,  by  months  for  the  years  1942  through  1945,  in  the  U.S. 
Army  overseas  (chart  1).  Although  seasonal  factors  are  influential  to  acertain 
extent,  the  peak  rates  are  due  chiefly  to  sharp  outbreaks  which  occurred  under 
specially  favoring  circumstances  in  fairly  localized  areas.  It  is  notable  that 
the  dengue  rate  remained  low  throughout  the  year  194ii  even  though  large 
numbers  of  men,  including  nonimmune  reinforcements,  continued  military 
operaticms  in  endemic  areas.  This  may  be  explained  by  the  fact  that  efficiency 
in  mosquito  control  was  vastly  improved  during  the  last  year  of  the  war. 
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Table  7. — Incidence  of  dengue  in  the  l/,S.  Armp,  by  theater  and  year,  194i-4S 


[Preliminary  (Uu  bMed  on  Mmpl«  ubutothms  of  Individual  medical  r*eords| 
[Rate  expremed  aa  number  of  caeee  per  annum  per  l.QUO  averaie  itrenyth] 


Theater  or  area 

1042-46 

1042 

mam 

1044 

1045 

m 

m 

D 

Rate 

Number 

Rate 

Continental  United  States _ 

76 

0.01 

4 

0.00 

36 

aoo 

10 

0.00 

26 

0.01 

Onnesa: 

01 

0.03 

1 

0.01 

0 

31 

0.03 

66 

0.03 

Mediterranean  < . 

386 

.38 

1 

.04 

84 

.18 

213 

.33 

60 

.15 

Middle  East . 

38 

.36 

1 

.17 

34 

.46 

10 

.23 

0.00 

Chlna^Rurma-Ifidla....  . 

8.217 

IS.  37 

73 

a.  AS 

M» 

26  33 

5,040 

81.00 

1.60.1 

327 

Southvmt  l*aclAc _  ... 

.‘iO.003 

32.10 

4.226 

60.33 

6»438 

33.80 

38.363 

83  47 

11,680 

1331 

Central  and  South  PadAc. 

30.041 

30.70 

10 

.13 

11.860 

30i66 

l«.M3 

37.48 

I.B30 

337 

3 

! . 

0 

3 

.03 

0 

0 

Latin  America . . 

34b 

.04 

130 

1.18 

40 

.41 

46 

.54 

30 

.42 

063 

2 

60 

836 

106 

.... 

1 

Total  OTerseas* . 

00.^6 

A«l 

i  ♦.•M3 

r.» 

10,306 

11.44 

61.104 

1338 

13636 

358 

ToUl  Army . . 

00,861 

3.  .10 

4,448 

TIT 

1».33# 

3  81 

61. 12S 

360 

13060 

115 

I  Indudee  North  Africa. 

*  Indudee  Alaska  and  Iceland, 
t  Indudee  rate  for  tranaports. 

XoTi.  -The  use  of  0.00  Indicates  a  rate  of  leas  than  0.006. 


Chabt  1. — Incidence  rata  for  dengue  In  the  U-8.  Army  ovcrecae,  hy  monih  and  year, 
January  to  December  J94S 


(Rate  expreeaed  as  number  of  admfsalons  per  annum  |>er  l.tKiO  averaite  atrenutti] 


JAN.  Afl.  JULY  OCT.  JAN.  AM.  JUVT  OCT.  IAN.  APt.  JUiT  OCT.  JAN.  AM.  JUIY  OCT.DIC. 


1942  1943  1944  1945 
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VECTORS 

Before  the  war,  Aede»  aegypti  and  Aedfs  albopictus  were  the  only  proved 
vectors  of  dengue.  Since  A.  aegypti  had  practically  univerbal  distribution  in 
the  Tropics,  it  was  generally  accepted  as  the  probable  vector  in  regions  where 
the  epidemiology  of  the  disease  had  not  been  studied.  However,  A.  albopictus 
was  known  to  be  an  efficient  vector  in  the  Philippines,  Formosa,  and  Sumatra,* 
and  proved  to  l>e  tin  iinportniit  vector  in  the  outbreak  of  dengue  which  occurred 
in  Hawaii  in  1943.*  There,  A.  albopictus  was  found  not  only  in  populated 
areas,  in  places  typically  chosen  by  A.  aegypti  (tin  cans,  flower  pots,  bottles, 
tires,  tanks,  and  the  like),  but  also  in  forested  regions  as  high  as  2,000  feet 
above  sea  level,  where  it  was  found  breeding  in  tree  holes  and  in  water  collec¬ 
tions  at  the  bases  of  plant  leaves.  A.  albopictus  also  was  abundant  during 
the  dengue  epidemic  which  occurred  on  Saipan  in  August  and  September  1944.' 

During  an  outbreak  of  dengue  in  the  New  Hebrides  early  in  1943,  Aedes 
scutellaris  hehrideus  Edwards  was  suspected  as  a  vector.*  yl.  scutelluris  (prob¬ 
ably  in  the  form  of  the  typical  subspecies)  also  was  suspected  to  be  a  main 
vector  of  dengue  in  New  Uniiiea,  since  A.  aegypti  was  rare  or  absent  in  areas 
where  the  disease  was  prevalent.'  The  suitability  of  A.  scutellaris  as  a  vector 
of  dengue  was  proved  by  Australian  workers.  In  these  experiments,  specimens 
of  this  and  three  other  local  species  were  allowed  to  feed  on  dengue  pa¬ 
tients  in  the  Finsclihafen  area  of  New  Guinea.  The  mosquitoes  were  then 
shipped  by  air  to  Sydney,  Australia,  which  is  outside  the  dengue  zone,  and 
there  were  fed  on  volunteers  who  had  never  been  in  a  dengue  area.  Typical 
cases  of  the  disease  occurred  in  three  men  on  whom  A.  scutellaris  were  fed, 
blit  not  in  those  bitten  by  s|)eciinens  of  tlie  other  three  species,  Aedes  aure- 
margo,  Armigeres  breinli,  and  A  rmigeres  milnensis. 

A.  scutellaris,  in  common  with  most  of  the  members  of  the  subgenus 
Stegomyia  (tliat  is,  A.  aegypti  and  A,  albopictus),  breeds  almost  exclusively 
in  what  are  known  as  artificial  water  containers  (as  opposed  to  ground  pools). 
In  New  Guinea,  the  larvae  were  found  in  a  wide  variety  of  such  places,  includ¬ 
ing  tree  holes,  rot  holes  in  fallen  logs,  tin  cans,  metal  and  wooden  barrels, 
and  coconut  hulls.  They  were  taken  usually  in  fairly  clear  water  or  in  water 
containing  leaves  and  some  decaying  organic  matter,  but  not  in  the  fermenting 
liquid  in  coconut  shells  from  which  the  meat  had  not  been  removed.  Also, 
they  were  not  found  in  the  leaf  axils  of  water-holding  plants  a>id  rarely  in 
fallen  leaves  or  palm  bracts,  which  are  favorite  sites  for  certain  other  species 
with  more  specialized  breeding  habits. 


iStroDf,  Richard  P. :  DtairncrU,  Prcrcatloii  aad  Treatmcat  of  Tropical  Diocaoea.  7th 

•dlttoA.  PblladclpliU :  Tbc  Blaklaton  Co.»  IMS,  toI.  II.  p.  909. 

•  Uilajrrr,  H.  L.:  Rntomolofleal  Pliaaca  of  tht  Recent  Demrar  Kpldcnlc  la  llonolaln.  Pub.  Hcdllh 
Rep.  69 :  42S-I30.  <1  Mar.  1944. 

■Letter,  217tta  Medical  Coaipoaltc  Unit  (Malaria  Surrey),  to  Surfeon.  Annj  Gronnd  Foreoa, 
6  Jan.  1943.  Miibjrct:  Moaqiilto  Snnry  of  Saipan. 

K.  H. :  Ae4e»  ecafellarle  hrbHdeve  Edvardn.  A  Probable  Vector  of  Drufue  In  the  Nev 
Hebrldca.  War  MM.  6  :  292-202.  May  1944. 

■Klof.  W.  V.:  Notea  on  the  Vectors  of  Denffuc  Is  Nev  Guinea.  (Profraalooal  paper.l 
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The  adults  of  .1.  xcufrfhrii*  »|>|)e:ire<l  to  W  almost,  exclusively  diiytiiiie 
feeders,  hut  were  chiefly  nctire  only  under  conditions  of  hiph  liinnidity.  They 
were  annoyiiift  in  quarters,  latrines,  iiiid  showers  principnlly  diiriiifr  the  early 
niniiiiiif;  and  late  aflernouii,  hut  als«>  were  more  or  li'ss  active  tliroii|;lu>nt  the 
day  during;  rainy  p<>ri<Kls  or  in  <lense  shade  in  the  jungle.  In  Hawaii,  it  was 
shown  that  A.  aJbopictu*  wiis  a  |)ersisteiit  biter  during  the  diiy  Init.  did  not 
bite  at  night. 

EPIDEMICS  AND  CONTROL  MEASURES 

Aostralia. — An  e.xtensive  epidemic  of  dengue  occurred  among  IJ.S.  Army 
troops  stationed  in  Xortheni  Territory  and  Queenshind  in  Mandi.  April,  and 
May,  1042.  Approximately  HO  |M>rceiit  of  nil  U.S.  |)ersonnel  in  this  area  were 
attacked  within  a  |X'rio<l  of  alKuit  1  niontlis."  Epidemics  also  occurred  among 
tr(Mi|is  ill  the  fidlowing  yenr  in  .Imiiiiiiit,  Febrnnry,  and  Miindi — one  at 
RiM'khoniptoii  iiikI  one  in  tlie  Hrislmne  oivw.’  The  ]>eak  of  the  epiilemic  at 
Rockliniii|itoii  WHS  leiiclieil  during  the  w«>k  eniling  on  tl  Fehmarj-  1!>41  when 
04  patients  weix*  hospitnliMxl.  .V  totnl  of  4tUl  cases  isx-iirreil  among  I’X  mili¬ 
tary  personnel  in  the  vicinity  fniiii  Jnunary  through  Mandi.  Asnney  of  Rock¬ 
hampton  during  this  period  showed  that  flO  percent  of  more  than  (1,000  dwellings 
examined  were  hreetling  dengne-mrrying  inosqaitoes.*  I^bor  furnished  for 
mosquito  control  work  by  the  U.S.  Army  vnriwl  from  l.'i  to  .W  men;  oil  was 
supplied  by  the  Rockhampton  ('ity  ('onncil.  The  city  council  was  asked  to 
assume  responsibility  for  mosquito  control,  because  it  was  necessary  to  use  the 
soldiers  for  military  duties,  but  only  four  civilians  were  employed  in  June 
104.1.  The  vector  in  Australia  was  A.offfppti. 

New  Hebrides. — An  epidemic  of  dengue  liegan  at.  Kspiritn  Santo  early  in 
February  104.1,  reached  its  peak  in  A|>ril,  and  ended  in  August.  During  this 
lieriisl,  nppixixinnitely  2.^>  jiercent  of  tls'  Isise  strength,  or  over  Ji.lKM)  military 
|ien«iniiel,  were  nITected.*  The  Army  rates  jier  1,000  {ler  aiiiiiiiii  are  shown  in 
table  8.  For  several  months  liefore  the  onset  of  the  dengue  epidemic,  there 
had  been  widespread  dumping  of  tin  cans  over  the  base  without  regard  to  sani¬ 
tary  regulations.  This  had  resulted  in  heavy  breeding  of  A.  argypti  and  A. 
ncutcUaru  hehridnu.  In  February  1043,  the  malaria  control  unit  nt  the  base 
prepared  a  directive  which  listed  the  various  breeding  places  of  Atde»  mosqui¬ 
toes  and  the  control  measures  to  be  employed.  The  epidemic  continued  into 
June  with  only  slight  almteiiieiit.  A  coiiqtlete  mosquito  survey  was  then  made 
of  all  comp  areas,  including  territory  within  a  radius  of  500  yards  from  the 
camp.  All  tin  ••nn  duiii|>s  and  <x»llccti(Mis  of  water  in  stored  tires,  oil  drums. 


*  la^llvr.  rhl^  fturvNin.  1lm4qiHirlpi«.  U.fl.  Annjr  of  Hupplj.  Sovtbwmt  Pactfle  Area,  lo 

Tba  AnrfroB  Oettaral.  18  Ikpv.  IMS.  aabiacl :  MiNllcal  Apirlca  la  Anitralla.  lacloaart  tbrrrlo. 

*  Qnartrrij  JUfmrt*  lUap  flurimm.  H«a4qvar(H«  Raar  Awllon  Tbrw,  U.S.  Armj  Srrrlcra  af  Supply, 

datad  18  Nor,  IMfl,  for  fwrtnd  1  1M.T 

*Qnart^rlj  Sapor).  Burvaon,  Uaodquarlars  I  Corps.  U.S.  >nBX,  datod  23  Juno  1M3,  for  period 
1  Januarjr-Sl  MarHi  IMS. 

*  Malaria  Newo  foliar  No.  3,  Haadsuarlrro  Malaria  aad  Rpidamic  Coalrol,  Soulh  Paclfc  Arra. 
Srplembar  1M3. 
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Fiotras  a.— eontwa.  tfrarin^  TatrrteMe  Jtt  water  Iiarreli!, 
Gcpirtta  Santo,  New  Hrftrtae*.  Oct<*er  ISM®. 


nwhiiierj',  tittriwuHuH,  and  tMhej'  wntainent  were  xjMttletl  mi  inajie*.  An  oq^- 
ni^i  tdetiniip  finmiiaigti  w«a  ji\atit«t«'<S  vvliicii  utiliziHl  appnjxiinalrfy  ;WXi  »i@i!i 
and  40  trucks  and  other  heavy  wiuipineri*-*"  Hi'  August,  tfe  ejiidentte  waft 
ttttder  control  (figs,  ti  and  8)»  Very  few  I’asen  of  dengue  occurml  at  the  hast* 
dTOng  Uw  Hucefwding  rainy  season  in  1944. 

•Tlie  epidemic  at.  New  I'lilwimiia  tJuring  IM-t  was  less  s«v«po  than  that  tU 
Espfritu  Santo.  The  peak  was  leacljctl  durmg  April  (table  8).  The  wide 
distribution  of  brecdiiig  places  for  A.  ueyyfiti  and  the  lack  of  prevenliu- 
tswieut-i',.'  by  the  rwident  populaiiost  conlributetl  to  the  |*t»i«t.ence  of  t'le 
cliseage.“  intensive  moequito  control  tneasnrm  instituted  by  the  tauie  mamria 
.  control  unit  greatly  reduced  tlie  incidence  in  military  personnel,  and  although 
!!  ■  jul-nbltt  mimliM:  of  cases  oecttired  at  tun  ba.se  during  tlie  I*’!!  tains 
I  season,  no  epidemic  developed. 

»*  S>  II  !i3  -  ,  • 

F.  W, :  lligtarf  of  Hodlriop,  Ai'O’S.  tiwrdv^i  .  ^ 


(‘-♦f.i-fij  %*ri*,*t  Jurv;#^ i^itursr  ' 

iM**  luist. 


T\H!  I,  S.‘.  i»  i  S..  ,  4w*^f^0t4i'  *  If 

.fi*  i  K  *fnt'i  •-  ••  •  . 

.'.'■^  .'  ■  V  wr-n^siiiW  ii-f  1J>11«'4JI'-»T  «».  "  ' 
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Hawaii.  In  1943,  dengue  made  its  ii|i|>etirance  in  epidemic  form  in  llono- 
Inlii,  T.II..  lifter  iin  iiIisi'Ikv  of  tiKiiv  iliiiii  3tl  yetii-s.  The  disetiKe  presmntihly 
vvjis  iiii|Mirte<I  from  the  soutli western  Pacific  region.  Two  commercial  airline 
pilots  were  1ios]iitalized  with  dengue  in  Honolulu  early  in  .July  1943,  after 
iirriviil  fi-oiii  Suva,  Fiji  Island.s,  where  an  epidemic  of  dengue  had  been  re- 
|Mirteil.  One  Ilf  the  pilots  was  already  ill  wlien  he  ctiiiie  to  lloiioliilii,  hut  the 
other  lind  onset  of  symptoms  several  days  later  and  was  not  isolated  by  hos¬ 
pitalization  nniil  he  had  passed  through  the  infectious  period.’-  After  3 
wii>ks,  two  cases  iip|ienred  aiiiong  civilians  in  the  Waikiki  area,  and  V2  days 
Inter,  t  wo  cases  oivurreil  in  Army  personnel  in  the  same  section.” 

Measures  were  taken  immediately  to  prevent  an  explosive  outbreak.  Al- 
tluiiigli  civiliiin  cases  were  reported  through  .31  December  1943,  only  56 
ca.ses  occiirreil  in  military  |iersonnel.  Protective  metisuies  consisted  chiefly  of 
an  extensive  mosquito  control  program.  Proper  screening  of  patients  in  hos- 
[titals  and  in  homes  was  made  mandatory,  and  large  areas  of  the  city  of  Hono¬ 
lulu  were  pla<-r«|  “off  limits*'  to  troops. 

-Vssistaiice  in  dengue  control  was  given  freely  to  civilian  agencies,  because 
effective  oontnil  in  military  establishments  was  not  possible  without  adequate 
control  in  civilinn  ureas.  -V  medical  officer  was  attached  to  the  Territorial 
Rounl  of  Health  to  make  an  epidemiologic  study  of  all  new  cases.  Fifty 
enlisted  men  were  asaigneil  to  spray  the  buildings  and  eliminate  mosquito 
breeding  places  in  homes  in  which  there  were  cases  of  dengue.  Trucks,  ladders, 
and  spraying  equipment  were  made  available  for  use  by  civilian  agencies. 

Extension  of  the  dengue  control  program  to  include  the  entire  city  of 
Honolulu  liecame  iiecewary  in  September  1943.  The  program  was  supervised 
by  the  IT.S.  Public  Health  Service,  although  most  of  the  labor  personnel  were 
soldiers  from  a  medical  service  company.  Honolulu  was  divided  into  3  dis¬ 
tricts  and  subdivided  into  77  inspection  zones,  each  of  such  size  that  one  man 
could  thoroughly  cover  his  zone  every  10  days. 

Atde*  mosquitoes  were  found  breeding  in  all  sizes  and  types  of  containers 
that  would  hold  water.  The  usual  variety  of  such  receptacles  found  in  the 
continental  United  States  were  observed  in  Honolulu  (tin  cans,  bottles,  barrels, 
jars.  Iltiwer  vases,  aut  cu|is,  animal  drinking  jMins,  tanks,  tubs,  tires,  storm 
drains,  catch  basins,  unstocked  fish  ponds,  abandoned  cesspools,  and  a  few 
cisienis),  Tlie  new  breeding  ]>laoes  encountered  were  princi|>ally  those  af¬ 
forded  by  the  subtropical  vegetation,  especially  water-holding  plants  such  as 
s|iider  lilies,  ]>ineapple  lilies,  and  ape  plants,  also,  rotted-out  holes  and  crotches 
in  poinciana,  algarroba,  haole  koa  and  guava  trees,  bamboo  and  banana  stumps, 
and  the  large  water-holding  pockets  in  traveler’s  palms.  Other  unusual  breed¬ 
ing  places  were  found  in  fallen  palm  fronds,  the  holes  of  lava-formed  rocks, 
and  packets  in  emerged  coral  reef  formations.  In  over  a  million  inspections, 

**  grrrnt'nl  T«ri»l«a]  M«4leal  Dsta,  Cvatrsi  Parlflc  Bsk  Comiund,  for  October  1M4,  dated 
3d  Kov.  1M4 — ladociire  A.  aobiert :  SaolUry  Aapeeta  of  tbe  Control  of  tbe  1943-44  Epidemic  of 
Dvaigo^  Eerer  !■  Bonolaln. 

t^lllntnrx  of  PrerentlTe  Medicine,  Headqimrtem.  U.9.  Army  Forcee,  Middle  Paclflo.  (OfllcUl 
rrrord.  | 
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on  only  fojr  occasions  were  ground  pools  found  to  be  breeding  places  for  Aedes 
mosquitoes.  Since  both  A.  aegypti  and  A.  albopictu*  have  short  ranges  of 
flight  (up  to  200  yards),  control  operations  ^vere  extended  only  to  the  fringes  of 
the  inhabited  area.  The  breeding  indexes  for  Aedex  in  Ifonohilii  during  the 
period  of  the  epidemic  are  shown  in  table  9. 


Table  0.—  BrtMing  index  oj  Aedcs  mmqtnicet  in  H&nolulu,  T.H.,  Auguit  19^3  to 

Augnxt  1944 


Y(«r  ftnd  montti 

liKlex  * 

Year  mkI  month  j 

Imlet  1 

HHS 

am  1 

August . . 

h.  7 

January..  . . j 

1.  0 

September . 

1.  7  1 

Februarv .  .  .  . . . 

1 

1.9 

October .  . . . . 

1.  1  1 

March  .  .  _ 

3.  5 

1  . 9 

April....  . 

1.  8 

December . . . 

1.  2 

t  Mav.  . 

1.  0 

June .  . . 

I.  1 

July . -  .  . 

.  7 

1 

Auftust.. . 

.  8 

1  P<*r«rataf»  of  promlan  loapoeted  In  which  A0X*$  hirrao  worn  faumJ. 


In  summary,  control  measires  employed  in  Honolulu  were  (1)  city  wide 
inspections  at  10-day  intervals  t*  eliminate  breeding  places,  (2)  selective  spray¬ 
ing  to  kill  adult  mosquitoes,  anc'  (3)  education  of  the  residents  in  how  to  prevent 
mosquito  breeding  on  their  premises.  Breeding  indexes  of  Aedex  mosquitoes 
were  reduced  satisfactorily  by  this  program.  From  experiences  during  the 
epidemic,  it  was  concluded  that  the  critical  index,  or  threshold  of  ‘mportance 
for  dengue,  was  3.0  or  less,  which  is  considerably  lower  than  the  index  (5.0) 
generally  accepted  as  the  critical  point  for  yellow  fever.'* 

New  Golaea  and  the  Philippines* — From  the  beginning  of  operations  in 
New  Guinea,  dengue  was  an  important  cause  of  ncmeffectiveness  of  troops. 
Separate  statistics  for  New  Guinea  and  adjacent  islands  are  no^.  available  for 
1943,  but  the  monthly  record  of  cases  and  rates  during  1944  and  1945  is  shown 
in  table  10.  In  1944,  the  incidence  of  the  disease  was  highest  during  January 
and  F^ruary,  months  of  heavy  rainfall  and,  during  the  first  6  months  of  the 
year,  the  rate  for  dengue  exceeded  that  for  malaria.  Dengue  occurred  in  epi¬ 
demic  proportions  in  certain  units,  notably  those  in  the  Hollandia  and  Biak 
areas.  On  Biak  Island,  dengue  was  reported  to  have  occurred  in  a  4  to  1  ratio 
with  malaria.'*  The  vector  of  dengue  in  New  Guinea  apparently  was  A.  xcutel- 
Jarix  rather  than  A.  aegypii.  Because  of  the  greater  variety  of  breeding  places, 
A.  xeufellarix  presented  a  more  difficult  control  problem.  The  day-biting  habits 

»  8op«r.  r.  L.,  aad  WUioa.  D.  B. :  SpMlei  Endlcatloa ;  A  Practical  Ooal  of  Spccica  Kcductloa 
la  the  Coatral  of  UoaqaIti>-borae  Dbcaar.  I.  Nat.  Malaria  8oc.  1 :  S-24,  1S4Z. 

"Qiurtcrlr  aeport.  Sorscon.  Rca4qaartrra  I  Porpa.  U.8.  Am^.  dated  4  Juljr  1M4,  for  period 
1  AprII-sn  Jane  1S44. 
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of  this  species  iimde  ii'tlivi<luiil  protective  nieasuivs  necessary  at  all  hours, 
es|)ecially  in  sliaded  jiiii^'le  areas. 


Table  10. — Incultntf  of  itnguf.  in  I'.S.  Army  pertonnel  in  New  Gutnea  and  adjacent  idandt, 
January  IVH  to  Drrrmhrr  HtjH 

(Kato  fxprometl  tts  numt>er  of  iicr  annum  iier  1.000  avemit«  strtnirth] 


Y«ar  and  month  1 

I 

N’umhff  ol  j 
CUMA  I 

Rutf 

IH',  1 

January..  . . 

3.  137 

197.  (i 

February 

2,  M4«l 

104.  1 

March..  . . .  .  ■ 

2.  46<» 

m.  i> 

April. _ .  .  J 

1.848 

68.  0 

May.  - .  .  ----- 

1,970 

00.  1 

June  -  -  - 

2,  7.'i6 

61.  2 

July- 

2.f.l3 

80.  1 

Auguat . 

l.f)?! 

33.  6 

September  . .  ... 

1,828 

30. 

October. 

1.  102 

21. 

November. .  ...  . 

93.‘> 

23.  5 

December. .  -  . 

1,001 

23.2 

Total . . 

21.07U 

1  54. 2 

I 


,  Vfriir  and  month 

Number  of 
caoM 

Kair 

;  January .  . 

640 

24.6 

1  Februnrv-  ..... 

576 

2.5.  8 

1  March.  _ . 

597 

2A  5 

1  April. ...  _ ...  . 

468 

3a  .5 

May . 

353 

27.  3 

,  June  - - 

208 

I  Tl  3 

July  . 

48 

0.9 

August. . 

3.5 

.5.  6 

September  . 

12 

2.8 

Oetober . 

9 

2.7 

.  November.. 

11 

4.0 

December _ 

3 

.3.3 

Total.  _ 

2, 960 

21.  4 

During  1945,  dengue  rates  in  New  Guinea  remained  comparatively  low, 
even  in  the  months  of  heavy  rainfall.  Both  the  unproved  moequito  control  and 
the  building  up  of  immunity  from  the  previous  year’s  experience  probably 
contributed  to  this  result. 

In  peacetime,  dengue  had  always  been  a  problem  among  Army  forces  in 
the  Philippines,  replacements  frequently  acquiring  the  disease  within  a  few 
months  after  arrival.  Consequently,  a  serious  situation  with  respect  to  dengue 
was  anticipated  during  the  campaign  of  reoccupation,  especially  in  the  more 
densely  populated  regions  during  the  rainy  season.  Although  the  disease 
occurred  rather  generally  throughout  the  islands,  no  outbreaks  of  epidemic 
proportions  developed.  The  number  of  cases  and  the  rates  by  months  after 
the  campaign  of  reoccupation  began  are  shown  in  table  11. 

Intensive  mosquito  control  measures  were  carried  out  by  malaria  units 
attached  to  all  forces  operating  in  the  Philippines.  Area  spraying  of  DDT 
from  airplanes  was  done  extensively  over  Manila  and  other  populated  centers 
in  Luzon  during  the  early  months  of  1945.'*  Also,  a  great  many  natives’  houses 
adjacent  to  troop  concentrations  were  sprayed  with  DDT.  Since  large  numbers 
of  susceptibles,  replacements  from  nonendemic  areas,  were  introduced  in  the 
islands  at  that  time,  it  may  be  presumed  that  the  intensive  mosquito  control 

■*  EHMBttal  TMlmleal  Medical  Data*  Headqoartcra,  U.B.  Armj  Porcea*  F^r  Raat.  for  March  and 
April  IMS*  dated  2  June  IMS.  Inctorare  18  thereto. 
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Tabi.E  11.  Inrirtrrcr  aj  dengue  in  f  '.S.  Army  personnel  i»  the  Philippine  Islands,  Xovember 

.  ii  to  December  1046 


(Hiitf  f  xprfsv'l  u  tiumhcr  Ot esses  p«r  1.000  sxersoe  str^ncth) 


Yew  and  miMith 


1044 

November _ 

December _ 


11)46 

Januar.v _ _ 

February _ 

March _ 

April . 

May . 

June . . 


i  Nufnher  of 
,  case* 

Rhie  Y«or  and  month 

Xumberof 

cases 

Rate 

65i 

1,360 

il 

1046 — Continued 

3ft  8  1  July. . 

4ft  1  ji  Aujoist... . 

0.30 
1.  140 
439 
294 
285 
89 

16.  4 
15.2 
7.  9 
6.  ;i 

6.  .3 
4.  1 

•  1,02.1 
o.« 

ij  October . .  _  _ . . . 

31.  8  jj  November  . . 

1,214 

867 

25.  7 

1ft '.I  Total  for  1945. . . 

1ft  6 

13.  4  i'  Total . 

8,020 

1.1  7 

830 

10.  938 

17.  9 

ii 

measures  were  to  a  large  extent  responsible  for  preventing  dengue  epidemics 
in  the  Philippines  during  1045. 

Saipan. — ^The  most  extensive  epidemic  of  dengue  during  World  War  II 
occurred  in  the  Marianas  Islands  in  the  late  summer  of  1044.  Fairly  complete 
records  are  available  only  for  Saipan.  Dengue  made  its  appearance  soon  after 
the  assault  on  this  island  on  15  June.  At  first,  the  incidence  was  relatively 
lo>w,  probably  because  the  rainy  season  had  not  yet  begun  and  mosquitoes  were 
not  numerous.  The  rainy  season  began  on  the  1st  of  August,  and,  by  the  llth 
of  August,  mosquitoes,  including  the  vector  species  A.  aegypti  and  A.  albopietnn, 
were  abundant.  The  dengue  rate  (in  this  instance,  pertains  to  Army,  Navy, 
and  Marine  Corps  personnel)  among  garrison  troops  had  reached  300  per  1,000 
per  annum,  and,  thereafter,  it  rapidly  moimted  to  3,560  per  1,000  per  annum  on 
8  September.*’ 

Combat  operations  had  left  a  multitude  of  breeding  places  for  Aeden 
mosquitoes  (rubble,  tin  cans,  shell  cases,  and  the  like)  in  addition  to  the  usual 
breeding  mtes  (wells,  cisterns,  troughs,  and  other  water  containers) .  Although 
a  medical  sanitary  company  had  been  used  for  sanitation  and  mosquito  control, 
cleanup  was  difficult  during  the  assault  phase  of  the  campaign.  After  the 
start  of  f  be  rainy  season,  it  became  evident  that  adequate  control  was  impossible 
under  existing  conditions  with  the  personnel  available. 

When  the  first  supplies  of  DDT  arrived  on  Saipan  <hi  3  September  1944, 
it  was  decided  to  attempt  area  control  of  mosquitoes  by  airplane  spraying  of 
DDT  solutimi.  Improvised  spraying  equipment  was  installed  in  a  C-47  cargo 
plane,  and  the  first  test  run  was  made  on  12  September.  This  was  the  first 

(X)  EMnitUl  T^liDlcal  D«U.  Hr«4qiuirtfni,  tT.S.  Armr  Force*.  Poelfle  Ocmd  Arm.  for 

fleptoMbor  11H4.  dated  26  October  1944.  lodoaiire  4  thereto.  <2)  KueoHal  Te^akml  Hedtcal  Dota, 
Headquarters.  U.B.  Armr  Forcei.  Padfle  Oeeaa  Area,  for  Uardi  1949.  datrd  19  Apr.  1949.  lodoasre 
8  thereto. 
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time  airplane  spraying  with  DDT  was  usetl  over  an  entire  islaiid.  Between 
13  and  22  September,  in  31  flights,  8, (WO  gallons  of  j  j»ercent  DDT  in  kerosene 
were  sprayed  over  a  total  of  lUfOUO  acres  in  3  areas,  an  average  rate  of  approxi¬ 
mately  OjJ  pounds  of  DDT  i)er  acre.  At  the  same  time,  application  of  DDT 
residual  spray  was  begun  in  all  tents  and  living  (|uarters  of  hospitals  and  air 
force  and  gitrrison  troops."* 

Accurate  statistics  regarding  the  occurrence  of  dengue  on  Saipan  are  not 
available  for  the  early  phase  of  the  epidemi(^  The  daily  numl)er  of  new  cases 
occurring  after  13  Sejiteinber  are  nxorded  in  table  12.  'llie  iinniber  began 
to  decrease  signiticaiilly  about  1  week  after  airplane  sjtniying  of  DDT  was 
started.  After  1  Detober,  the  nuinber  of  new  cases  was  less  than  one-tenth 
the  number  which  occurred  at  the  height  of  the  epidemic.  It  was  estimated 
that  about  2t),000  cases  (which  included  Army,  Navy,  and  Marine  Corps 
Itersonnel)  of  dengue  lia<l  occurred  on  Saipan  up  to  20  October."* 


Table  12. — Daily  report  of  nett  eanrn*  of  dengur  at  height  of  the  epidemic  m  Saipan, 
14  Septrnihrr  to  0  (hUober  1944 


.Mimlier  j 

1  I>»1« 

.NuidImt 

1 

1944  ' 

[  ! 

j 

11)44 — Cuntiniu'd 

September  1  . .  .  .  - 

3U3 

1  .ScptemlxT  26 - 

62 

15 . 

426 

27 . - 

87 

16 -  -  - 

2<14 

28  .  . 

70 

17...  .  - 

306 

20  ... 

71 

18  .  1 

*  280 

30 

44 

I'j.- . 

1  275 

<  Ictober  1  . 

30 

20 . 

230 

2 .  . . 

.33 

21..  . 

137 

'  3 . 

27 

22 .  . . . 

137 

4 _  _ - 

28 

23 .  -  -- 

112 

5 . 

1  32 

24 . . 

93 

6 . . - 

23 

2.5- . .  -  .  _ 

81 

>  Cmn  Include  Army.  Ntivy,  and  Marine  Corpa  iiersonnel. 


Surreys  made  before  and  after  airplane  spraying  of  DDT  indicated  a 
great  decrease  (up  to  98  percent)  in  the  number  of  adult  mosquitoes  as  meas¬ 
ured  by  the  biting  rate  per  minute.  Also  it  was  generally  agreed  by  troops 
that  a  tremendous  reduction  in  tlie  mosquito  population  had  been  effected. 
Since  the  number  of  new  cases  decreased  markedly  before  the  end  of  the  rainy 
season  and  at  a  time  when  susceptible  troops  were  still  arriving  on  the  island, 
it  was  concluded  (hat  the  mosquito  control  measures  employed,  especially  those 
directed  against  the  adult  insects,  were  responsible  for  the  subsidence  of  the 
epidemic. 


‘•XMcntlal  Tecbnlcal  Medical  Data.  Ileaduaartera.  U.8.  Army  Foi^r,  Pacific  Ocimid  Arra.  for 
September  1944,  dated  2S  Oct.  1944.  IncloRure  5  thereto. 

>*See  footnote  17<2).  p.  :iH. 
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China-Burma-India. — AUlioiijrli  llie  nitsii  eiuleiiiio  for  dengue  included 
most  of  the  theater,  the  majority  of  cases  among  U.S.  troops  occurred  in  the 
region  of  Calcutta.  There  was  a  delinile  seasonal  incidence  in  that  locale,  the 
greatest  niimiMM'  of  case.s  occurring  during  the  inontlis  from  July  to  October, 
the  peak  varying  with  the  dates  of  the  monsoon.™  In  the  theater  as  a  whole 
the  incidence  of  dengue  was  greiitest  in  1!>43  and  1944,  with  average  rates  of  25 
and  31  res|»ectively,  per  l,(MtO  per  annum;  in  1945,  the  incidence  was  approx¬ 
imately  oue-foiirth  that  of  the  previous  year.  Although  it  is  difHcult  to  state 
definitely  the  causes  for  the  reducerl  nile  in  194.5,  it  is  tielieved  that  a  large  jnirt 
of  the  improvement  may  be  attributed  to  the  nialarin  control  detachments  which 
included  Aedcx  iiios(|iiifoes  in  their  iiios<piito  (outrol  activities.  Also,  all  tyiH-s 
of  antimosquito  siipplie.s  and  eqnipnicnt  wen*  more  nvaihihle  in  1945,  and  indi¬ 
vidual  protective  measures  were  l)etter  enforced. 

A  slmrp  outbreak  of  dengue  occurred  after  V-.T  Day  at  Hankow,  China, 
which  illustnitesthe  degree  to  which  the  disease  could  incapacitate  key  military 
force.s  at  an  inconvenient  time.  An  epidemic  of  dengue  during  Sepleml>er 
1945  wti.s  re|x)rted  to  have  affected  80  percent  of  the  population  of  the  city, 
including  Japanese  naval  i)ersonnr’.  When  American  Forces  occupied  the  air¬ 
port,  40  of  tlie  first  48  men  to  arrive  contracted  dengue  within  5  to  10  days." 
A  survey  revenlctl  mmierous  iiios<piitoe.s,  pmlominnnily  .4.  ae^ypti,  in  this  lo¬ 
cality.  In  view  of  the  dengtie  situation,  it  was  first  recommended  that  no 
operations  be  conducted  from  Hankow.  However,  use  of  the  airport  was 
deemed  essential.  The  city  of  Hankow  was  declared  “out  of  bounds,”  a  ma¬ 
laria  control  unit  was  ordered  into  the  area  to  undertake  mosquito  control 
measures,  and  personal  protective  measures  were  rigorously  eiiforce<l.  Appar¬ 
ently  these  steps  were  successfid,  for  no  further  cases  were  reported  among 
Americans. 


Part  II.  Research  Activities 


Albert  I.  Sabin,  M.D. 


Most  of  the  basic  and  significant  contributions  to  our  knowledge  of  dengue 
before  World  War  II  were  made  by  members  of  the  Medical  Department  of 
the  U.S.  Army.  Ashbum  and  Craig  ”  provided  the  evidence  for  the  viral 
etiology  of  the  disease.  Siler.  Hall,  and  Hitchens”  clearly  established  the 


■Hlttory  of  ProTnitUo  Modlclnc,  Boad<)«irter>,  U.S.  Anny  Foren,  Indli-BamM  Theater, 
1M2-45.  [CMdal  rvcord.l 

«EM«atUl  TvcbDical  Xedlcml  XHtu,  Rradquart^.  L’.S.  Forcfn,  CblDt  TbMtery  for  October  IMS 
dated  14  Nor.  194S. 

■AibbarB,  P.  11..  kad  Cnljc.  C.  F. :  EzpertmeDUl  iDreotlfatlone  Regirdliif  tbe  Etlolofy  of 
Densve  Ferer.  J.  Infect.  Dio.  4  :  440-47S.  Jane  1907. 

*  Slier*  F.,  Hall,  If.  W..  and  Hltcbena.  A.  P. :  Deniruc:  Ita  Hlatorj,  Epldemlcdogr*  Mecbanlaa 
of  TranenlaaloD,  Etlolocr.  Clinical  llaBlfeiiUttoiit.  InmuDltr.  and  Prerentloii.  Philippi  .e  J.  ScL 
1-304.  Janakry-Februarj  1020. 
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jjeriod  of  iiifectivity  of  dengue  pntients  for  .4.  aegypti  mosquitoes,  the  period 
recjuired  for  tlie  development  of  tlie  virus  in  these  mosquitoes  before  they  could 
transmit  the  infection,  as  ^vcll  us  the  ver3’  long  period  during  which  these 
mosquitoes  were  capable  of  transmitting  dengue.  Simmons,  St.  John,  and 
Reynolds’*  estiihlished  (1)  the  role  of  A.  albopictua  in  the  transmission  of 
dengue,  (2)  the  (K-curieiice  of  iiiiippareiit  infection  in  certain  monkeys  under 
experimental  and  ]X)ssihly  also  natuiul  conditions,  thus  suggesting  the  existence 
of  a  jungle  tyi)e  of  dengue  fever  exclusive  of  the  human  cycle,  (3)  the  jjersist- 
ence  of  iinniunitj-  to  the  homologous  strain  of  virus  for  13  months  in  human 
volunteers  residing  in  iiii  endemic  region,  and  (4)  many  of  the  properties  of 
the  virus.  It  is  necessary  to  recall,  however,  that  these  latter  investigators 
completed  their  studies  in  1930,  before  most  of  the  important,  newer  virologies] 
techniques  and  procedures  had  l>een  deve]o]>ed.  In  1934,  Snijders,  Postmus, 
and  Schtiffner’*  reported  some  immunity  experiments  on  human  beings  in 
Holland  with  two  different  strains  of  virus  which  left  the  subject  of  immunity 
to  dengue  in  a  rather  uncertain  state.  In  1936,  Shortt,  Rao,  and  Swaminath 
rejmrted  the  successful  cultivation  of  dengue  virus  on  the  chorio-allantoic 
membrane  of  chick  embryos,  but  their  conclusions  were  not  based  on  tests  on 
human  beings.  Otherwise,  little  or  no  work  was  done  on  dengue  between 
1930  and  1940. 

Thus,  while  a  good  deal  of  fundamental  information  about  dengue  was 
available  at  the  lieginniiig  of  World  War  II,  it  was  also  apparent  that  most 
of  the  elementary  requirements  for  carrying  out  systematic  studies  with  the 
virus  of  dengue  fever  were  lucking.  No  strains  of  the  virus  were  anywhere 
available;  there  was  neither  a  suitable  laboratory  animal  for  experimental  work 
nor  an  established  method  of  in  vitro  cultivation;  and  almost  nothing  was 
known  regarding  some  of  the  basic  ]>hysical  and  biologic  prof)erties  of  the  virus. 

From  the  point  of  view  of  military  preventive  medicine,  there  was  a  great 
need  for  an  immunizing  agent  ciipable  of  protecting  against  dengue,  preferably 
in  a  manner  analogous  to  that  acliiered  by  the  yellow  fever  vaccine.  Another 
great  need  was  for  some  practical,  8])ecific  diagnostic  test  which  would  permit 
one  to  determine  the  precise  role  of  dengue  in  the  causation  of  the  large  number 
of  “fevers  of  undetermined  origin”  encountered  in  dengue  endemic  regions.  It 
was  clear  that  these  needs  could  not  be  fulfilled  until  a  great  deal  more  was 
learned  about  the  basic  jiroperties  of  the  virus,  the  immunity  which  follows 
natural  infection,  and  the  immunologic  characteristics  of  strains  from  different 
parts  of  the  world. 


s*  Simmons,  J.  S.*  St.  John,  J.  H.,  nnt]  Ks/nolds,  F.  H.  K. :  Rs|>erlm«ntal  Studlf**)  of  Denirui 
Philippine  J.  Set.  44  :  1-253.  Jnnuar;’  1931  (Moooinmph  29  ef  the  Bureau  of  Science,  Manila). 

*  Snljdera,  E.  P.,  Poatmua.  8..  and  Schdffner,  W. :  On  the  Protectlre  Power  of  Tellow  Ferer 
Sera  and  Denrue  8era  Acalnst  Yellow  Fever  Vlrns.  Am.  J.  Trtip.  Med.  14 :  .’IlU-345.  Korember  1934. 

*Shortt,  H.  B.,  Rao,  R.  8.,  and  Swaminath.  C.  8.:  Cultivation  of  the  Vlriieeti  i>f  Sandfljr  Fever 
and  Deninie  Fever  on  the  Chorlo-Alinntolc  Membriine  of  the  Chick  Eiiihryo.  Imliiiii  J.  M.  Ilea.  23: 
865-870,  April  1686 
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ORGANIZATION  OF  DENGUE  RESEARCH  UNIT 

Two  basic  principles  for  the  organization  of  a  dengue  reseaicli  unit  were 
apparent  from  the  Itegiiining:  (1)  that  no  satisfactory  work  could  be  done 
without  a  constant,  fairly  large  supply  of  human  volunteers  located  within  a 
relatively  short  distance  from  the  laboratory,  and  (2)  that  it  was  better  to 
carry  on  the  work  in  a  dengue-free  area  of  the  United  States,  bringing  the 
viiaises  to  the  I’eseaixrh  unit,  than  to  bring  the  reseui-ch  unit  to  an  aiea  wliere 
dengue  was  occurring  in  our  troops.  The  unit  was  organized  by  this  writer 
early  in  1944,  at  a  time  when  he  was  already  engage<l  in  studies  on  .siuidfly  fever 
in  human  volunteers.  The  work  was  l)Oguti  in  the  laborutory  at  the.  Children's 
Hospital  Research  Foundation,  University  of  Cincinnati  College  of  Medicine, 
utilizing  patients  in  need  of  fever  therapy  at  the  Longview  State  Hospital  in 
Cincinnati,  Ohio.  Since  the  number  of  such  patients  was  small,  and  most  of 
those  requiring  fever  therapy  had  already  been  used  for  tests  with  sandfly 
fever,  the  unit  was  transferred  to  New  Jersey. 

The  human  volunteers  in  New  Jersey  were  white  Americans  who  were 
serving  sentences  for  civilian  offenses  at  the  New  Jersey  State  Prison  at 
Trenton.  The  authorities  of  the  State  prison  very  kindly  donated  a  hospital 
unit  of  17  beds,  which  was  mosquito- proofed  and  used  for  housing  the  volun¬ 
teers  during  the  specified  periods  of  experimentation.  Two  nurses  (one  day 
and  one  night)  and  a  clinical  laboratory  technician  assisted  in  the  work  of 
the  hospital  unit.  The  laboratory  facilities  were  located  at  the  Rockefeller 
Institute  for  Medical  Research,  near  Princeton,  N.J.,  approximately  15  miles 
from  the  hospital  unit  in  Trenton.  Lt.  (later  Capt.)  William  G.  Jahnes,  SnC, 
was  assigned  to  the  unit  as  the  entranologic  associate,  and  Lt.  (later  Capt.) 
R.  Walter  Schlesinger,  MC,  joined  the  unit  as  a  virologic  associate.  Several 
civilian  technical  aides  were  made  available  by  the  Rockefeller  Institute. 

RECOVERY  OF  STRAINS  OF  DENGUE  VIRUS  FROM  HAWAII, 
NEW  GUINEA,  AND  INDIA  AND  CRITERIA  FOR 
IDENTIFICATION 

During  1944  and  1045,  seven  strains  of  dengue  virus  were  recovered  from 
Americans  stationed  in  Hawaii  (one  strain).  New  Guinea  (four  strains),  and 
India  (two  strains)  by  subinoculation  of  serum  specimens  into  human  volun¬ 
teers  in  the  United  States.  The  strains  were  recovered  from  serum  specimens 

CNftt  iDtvrtft  of  Brtf.  0«o.  Jsneo  S,  BlmoaoD*.  NC,  Cbtef  of  tbe  FrtrootJro  Ifodldnt 
Service  Id  tbe  Bnrfeon  Oeoeral’i  Ofliee.  la  the  of  roeh  a  anlt;  tbo  Indefctlimble  lielp 

of  Brlf.  OoD.  Stanhope  Bayne-Joneo.  Depnly  Chief  of  the  FreTtntlve  Medicine  Service,  and  adalnlo* 
trator  of  the  Amy  Epldemloloitcal  Board ;  and  the  unfalllor  rapport  of  X>r.  John  R,  Panl,  Director 
of  the  Coamlodon  on  Nrarotrople  Tlram  Dtaocoee,  were  largely  reoponalble  for  the  creatSoa  and 
operation  of  the  deofue  reetareh  nnlt  The  eooperntSon  of  the  Longdew  State  Hoepltal  at  Clndn- 
aati.  Ohio  <Dr.  Doud**  Oddman).  of  the  Rockefeller  IniMtnte  at  Princeton.  KX  (Dr.  Carl  Ten 
Broeefc).  and  of  the  InBatee  and  ofldali  of  the  New  Jerney  State  Prieon  at  Trenton.  N.J..  wai  vllal 
In  the  operation!  of  thin  unit.  Tin  Amy  Spodallaod  Training  Program  itudoati  of  tho  Ualveriity 
of  Clndnaatl  College  of  lledldne.  who  vdlaoteered  for  experimental  Inocnlatloni  In  IMS.  alno 
rendered  valuible  Mrvtec. 
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which  were  transported  from  oversells  frozen  in  Dri'  Ice  as  well  as  from  speci¬ 
mens  which  were  merely  refrij^erated  by  ordiimry  ice.  No  sera  were  ever 
used  in  tran.sniission  tests  until  the  iMitieiit.s  from  whom  they  were  derived 
had  recovered  and  it  was  clear  that  the  clinical  coui'se  was  compatible  with 
dengue.  The  first  strain  of  virus  was  recovered  in  Marcli  1944,  when  a  pool 
of  sera  obtained  from  24  to  48  hours  after  onset  from  six  patients  with  a 
diagnosis  of  dengue  during  an  e]>ideinic  in  Hawaii  was  .siibinoculated  intra- 
cut  iineously  ill  si.v  patients  at  I^ongview  State  Hospital  in  Cincinnati.’*  All 
the  subiiKK'iilated  jiatients  developed  a  febrile  illness  with  rash  and  leukopenia, 
fi-om  which  they  promptly  recovered.  A  large  amount  of  serum  obtained  within 
24  hours  after  onset  of  fever  and  stored  partly  in  Dry  Ice  and  partly  in  the 
lyophilized  state  served  as  a  source,  of  virus  for  ninny  sulisequent  stuilies. 
Although  the  incubation  |)ei'io<l  and  clinical  manifestations  of  the  experimental 
disease  were  in  most  respects  compatible  with  dengue,  there  was  some  concern 
about  the  occurrence  of  a  rather  marked,  petechial  eruption  over  the  feet, 
ankles,  legs,  and  in  some  instances  over  the  hands  and  wrists,  in  three  of  the 
six  patients  toward  the  end  of  the  febrile  period  or  after  defervescence.  Since 
petechial  hemorrhages  had  not  previously  been  stressed  in  the  clinical  picture 
of  dengue,  it  apjteared  neces.sar3'  to  determine  whether  or  not  a  rickettsial  agent 
might  have  been  responsible.  However,  the  convalescent  sera  of  the  six 
patients  yielded  iiegiU.ive  results  in  Weil-Felix  agglutination  (OX-2  and 
OX-19)  and  rickettsial  cniiiplement  fixation  tests.  Inoculation  of  chick 
emhn-os  into  the  yolk  sac  and  of  guinea  piffs  and  mice  with  acute  phase  serum 
also  failed  to  yield  any  evidence  of  rickettsiae.  However,  the  identification  of 
the  virus  as  dengue  was  not  considereil  established  until  transmission  by  A. 
aegypti  mosquitoes,  after  the  characteristic  octrinsic  incubation  period,  was 
acconiplisheil.”  The  continued  occurrence  of  pcteclxial  hemorrhages  in  human 
volunteers  after  passage  of  the  virus  through  mosquitoes  and  al.so  after  filtration 
through  gradocol  membranes  with  pores  too  small  to  permit  the  passage  of 
rickettsiae  finally  eliminated  the  sii-spicion  that  the  petechial  hemorrhnges 
might  have  been  due  to  a  rickettsial  agent. 

.Sera  from  several  types  of  febrile  illness  were  collected  in  New  Guinea 
between  April  1944  and  13  Hiiy  1944  and  forwardeil  by  Lt,  CIol.  (later  Col.) 
Cornelius  B.  Philip,  SnC,  in  the  fluid  state  refrigerated  by  ordinary  ice.  The 
sera,  which  were  suitable  for  .study,  were  derived  from  essentially  three  types 
of  cases: 

1.  Fevers  of  2  to  3  days’  duration  followed  by  rapid  recovery  without  rash 
which  were  iliagnosed  as  febricula  or  F.U.O.  (fever  of  undetermined  origin)." 

"Letter.  IfiJ.  Albert  B.  8«l)ln.  MC,  to  Brtf.  OeB«  Staiili^  Bajoe^JoDca,  PreroDtlre  ICedlelae 
DlrltloD.  Office  of  The  Surfeon  Oenenl,  Apr.  IMt, 

"Letter.  Maj.  Albert  B.  8«blo,  MC  to  Brlf.  Oeiu  StADbope  BA7De*JonM,  PrerentlTe  ICedlelne 
Berrlce.  Office  of  The  SorfeoD  OontrAl.  •  June  1944,  ■obioet:  Further  Beport  of  CerUla  Propertlee 
of  tbe  HawaUid  Deopue  Vlrur 

"Credit  for  AtimulAtlDf  Uttreit  la  tbU  crow  of  PAtleatA  !•  doe  to  the  nmoy  Biedleal  ofleert 
In  the  field  ivho  In  reportlof  theoe  caiei  tadlcated  their  foipleloa  tbet  the  Ttroiee  of  tAodfly  ferer 
or  dencue.  or  lome  other  rlrui,  nlfht  he  reepoBAlUe. 
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2.  Fevers  of  4  to  (i  days’  duration  without  rash  which  were  regarded  as 
dengue. 

.‘t.  Fevei's  of  24  to  lioui-s’  duration,  without  rash,  with  leukocytosis  of 
10,000  to  19,000  diagnosed  as  fever  of  undetermined  origin. 

It  was  reported  that  the  majority  of  cases  in  New  Guinea  were  cliaructer- 
ized  by  a  short  febrile  course,  and  tliat  very  few  exhibited  i-ash  or  ‘‘classical 
saddleback”  fever.  The  results  of  the  subinoculation  tests  in  human  volunteers 
in  the  United  States  were  as  follows;  ” 

1.  Four  strains  of  virus  were  recovered  which  produced  a  febrile  illness 
with  rash,  clinically  compatible  with  dengue. 

2.  Two  of  the  strains  were  obtained  from  the  serum  of  patients  who  ex* 
hibited  fever  of  approximately  2  days’  duration,  and  the  other  two  strains 
from  the  serum  of  patients  who  had  fever  of  4  days*  duration  or  longer. 

3.  Although  none  of  the  five  original  patients  in  New  Guinea,  from  whom 
these  four  strains  of  virus  were  recovered,  was  reported  to  have  had  a  rash, 
all  eight  volunteers  inoculated  either  with  the  original  serum  or  with  the  first 
passage  serum  exhibited  a  rash  and  febrile  course,  clinically  compatible  with 
dengtio. 

4.  The  experimental  disease  produced  in  human  volunteers  by  the  New 
Guinea  strains  was  generally  less  severe  than  that  produced  by  the  Hawaii 
strain. 

.5.  Cross-resistance  tests  in  human  volunteers  performed  from  4  to  8  weeks 
after  the  initial  experimental  attack  served  to  identify  the  New  Guinea  viruses 
with  the  A.  aegypti  transmitted  Hawaii  dengue  virus,  although  tests  carried 
out  after  longer  intervals  subsequent  to  the  original  infection  ultimately  re¬ 
vealed  that  three  of  the  four  New  Guinea  strains  were  immunologically  differ¬ 
ent  from  the  Hawaii  strain. 

6.  No  virus  was  recovered  from  a  pool  of  serum  obtained  from  32  to  36 
hours  after  onset  from  two  patiente  who  exhibited  fever  not  exceeding  36  hours 
in  duration  associated  with  leukocytosis  but  without  rash.  The  two  volunteers 
used  in  this  test  showed  no  signs  of  illness  and  subsequently  were  proved  to  be 
susceptible  to  inoculation  with  two  of  the  New  Guinea  strains  of  dengue.  Ac- 
cord'mgly,  it  was  concluded  that  the  brief,  febrile  illness  with  leukocytosis  which 
was  seen  in  New  Guinea  was  moot  likely  not  a  manifestation  of  dengue. 

A  variety  of  febrile  illnesses,  scxne  with  and  others  without  rash,  pleocy¬ 
tosis,  or  other  changes  in  the  cerebrospinal  fluid,  were  occurring  among  UJS. 
personnel  in  India.  It  was  not  clear  whether  one  or  several  etiologic  agents  were 
involved,  and  whether  or  not  the  viruse.s  of  sandfly  fever,  dengue,  or  one  of 
the  neurotropic  viruses  were  among  these  agents.  Col.  Herrman  L.  Blumgart, 


n  letter.  MaJ.  Albert  B.  Sabla,  IfC,  to  PreTentlre  Medldae  Benict.  Oflce  of  Tbe  Sorgeon 
Otaeral,  attn:  Brlf.  Ooa.  fltaabope  Baxiio*Jone«.  dated  8  Aov.  1M4.  subject:  Isotattoa  of  Sereral 
Strains  of  Densae  Virus  from  Serum  of  PatlMts  wltb  Various  Types  of  Ftrers  la  New  Caines. 
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M(',  iiiediciil  roiisiiltiint  iu  the  1ii(liii-lhii-|iia  I  healer,  ohtiiiiied  .seniiii  uiid  eere- 
bn)«|)inal  fluid  from  a  number  of  sncli  piitients,  and  the  si)eciiiiens,  frozen  in 
Dry  Ice,  were  tiiinsi»oited  by  air  to  the  dengue  laboriitory  in  the  United  States. 
The  clinical  histories  of  .some  of  the  cases,  particularly  those  occurring  during 
the  latter  pan  of  September  1945  in  Calciittn,  were  compatible  with  dengue, 
and  it  was  considered  worthwhile  to  attempt  isolation  of  new  strains  of  virus 
for  immunologic  conipnrison  with  viruses  nlreiidy  available  from  other  parts 
of  the  world. 

Serum  from  individual  patients,  rather  than  pools,  was  used  for  trans¬ 
mission  stiidie.s  to  permit  detection  of  multiple  etiologic  agents  and  correlation 
of  tlie  clinical  picture  presented  by  the  original  patient  with  any  virus  that 
might  be  isolated.  When  ])leocytosis  was  present,  liiiman  transmission  studies 
were  imstpotied  until  it  could  lie  shown  that  neither  the  serum  nor  the  cere¬ 
brospinal  fluid  contained  an  agent  pathogenic  for  mice.  The  human  transmis¬ 
sion  tests,  summarized  in  table  IH,  yielded  two  strains  of  vims.’*  Both  strains 
were  recovered  from  the  filtered  serum  (500  gmdocol  membrane)  of  two 
individual  patients,  who  became  ill  in  Ualciiltn  on  2.5  September  and  27  Sep¬ 
tember  1945,  respectively.  The  cerebrospinal  fluid  yielded  no  vims,  although 
ill  one  instance  it  was  obtained  2  days  after  onset  at  a  time  when  the  blood  of  the 
Slime  patient  (K)  contained  virus.  Xo  virus  was  recovered  from  the  semni  of 
the  patient  in  New  Delhi  who  e.xliibited  a  pleocytosis,  and  it  may  be  pointed 
out  that  his  clinical  history  was  also  not  compatible  with  a  diagnosis  of  dengue 
because  be  had  a  moderate  leukocytosis  instead  of  a  leukopenia.  Both  strains 
of  virus  from  India  were  identified  as  dengue  on  the  basis  of  the  following 
pixtperties: 

1.  The  clinical  manifestations  of  the  exiterimentnlly  transmitted  disease 
included  skin  lesions,  which  ap])enred  after  a  suitable  incubation  jieriiMl  nt  the 
sites  of  intracutaneoos  injection  of  the  serum,  a  self-limited  fever  after  an 
incubation  period  that  is  usual  for  dengue,  transitory  leukopenia  with  the 
iisiiul  changes  in  the  leukocytic  fonmila,  generiilizctl  iiiiiciilnr  or  niacnlopapular 
rash,  and  terminal  petechial  eruption. 

2.  Transmission  of  a  clinically  similar  illness  by  A,  aegypti  mosquitoes 
after  an  extrinsic  incubation  i>erio<l  of  14  days,  following  feeding  on  human 
beings  infected  with  this  virus. 

3.  Resistance  of  human  beings  recovered  from  infection  with  known  dengue 
virus  to  inoculation  with  these  new  strains. 

4.  Human  beings  infected  with  the  Calcutta  strains  developed  neutralizing 
antibodies  for  the  Hawaii  mouse-adapted  virus. 


»  Letter.  Lt.  Col.  Albert  B.  Sabin,  MC,  to  Prerentire  Me^ldne  Scrrlee,  Ofiee  o(  Tbe  Sarfeon 
General,  nttn  :  Brig.  Qrn.  Stanhope  Bayne-Jooea.  4ated  26  Dee.  1949,  Mbject :  ladatton  and  Identlflet* 
tion  of  Two  Ktrnlnn  of  l>enpue  Vlritn  Fn»ra  "Fever***  Among  r.S.  .trmy  PerMonnol  In  India. 
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PROPERTIES  OF  DENGUE  VIRUSES  DETERMINED  BY  STUDIES 
ON  HUMAN  VOLUNTEERS 

M.I.D.  (minimum  infective  dose)  and  pathogenic  effects  of  minimal 
amounts  of  virus. — Serum  uhtained  fi-oin  ex|)criineiitnlly  infecteil  jwrsoiis 
witliiii  llie  lii’sl  few  hours  after  oiiw'l  of  fever  was  sloml  in  a  Dry  Ice  chest 
and  constituted  the  source  of  virus.  The  detenuiiiation  of  the  auioiiulof  viru.s 
present  in  such  seriiin  was  desirable  not  only  to  |)eritiit  (iiiantitative  work  with 
this  virus  but  also  to  a.s<'ertnin  whether  inininial  doses  of  virus  produced  a 
uiixlilird  clinical  syiidi-oiue  and  wlietlief  •“siilH'linica.r’  dos«‘s  weit*  iuuuuiiogenic. 
Such  infected  seniin,  even  after  varying  periods  of  storage  in  Dry  Ice  and 
re]>eated  freezing  nnd  thawing,  was  fotitid  to  contain  1  million  human  M.I.D. 
jie.r  milliliter,  when  the  dilutions  were  iinwle  in  10  percent  normal  hninan  senim- 
saline  and  in(M-ulate<l  iiitracutaneonsly.  Ten  M.I.D.  injected  intracutaiieously 
prothiceil  as  severe  nti  infection  ns  did  1  million  M.I.D.  However,  one  M.I.D. 
of  virus  pivKlnced  dilferetit  results  in  diffenmt  iturtvidttnls;  (1)  A  tyi>ical  un- 
nuslilied  attack  resnltwl  in  two  of  four  volunteers,  (2)  ii  short  febrile  illness 
withnitt  rash,  followed  by  .solid  immunity,  occurred  in  one  of  four  volunteers, 
and  (tS)  no  evidetice  of  infection,  that  is,  neither  symptoms,  fever,  nor  leuko¬ 
cytic.  changes  followml  by  a  pnilinl  imtiiunity  to  reinfection  in  the  fourth 
volunteer. 

Cutaneous  lesions  and  the  local  sparing  phenomenon. — Intracutaneous 
injection  of  0.1  to  t).2  ml.  of  Imman  sennit,  containing  10  or  more  M.I.D.  of 
dengue  virus,  was  regularly  followed  after  an  Interval  of  3  to  5  days  by  local 
edema  and  erythema,  from  1  to  4  cm.  in  diameter.  This  skin  lesion  invariably 
appeared  one  or  more  days  Iiefore  onset  of  fever,  and,  as  a  rule,  disappeared 
before  the  occurrence  of  the  generalized  maculopapular  or  scarlatiniform  erup¬ 
tion.  However,  when  the  generalized  rash  did  appear,  a  striking  sparing  phe¬ 
nomenon  was  observed  at  the  sites  of  the  original  skin  lesions  which  stood  out 
as  blanclietl  zones  surrounded  by  the  diffuse  ra.sh.  Tliis  sparing  was  s]>ecilic 
in  that  uomial  human  sernin  or  other  irritants  did  not  give  rise  to  the  same 
phenomenon.  The  .siieciticity  of  the  dengue  skin  lesion  nnd  its  dependence  on 
local  viral  multiplication  were  further  demonstrated  by  the  fact  that  no  lesion 
occurred  when  a  suitable  number  of  M.I.D.  of  dengue  virus  were  mixed  with 
homologous  convalescent  serum  prior  to  inoculation,  or  when  the  virus  was 
inoculated  into  dengue  convalescents.  Injection  of  convalescent  serum  into  an 
establishetl  maculopapuliir  or  scarlatiniform  rash  failed  to  cause  blanching. 

The  local  irritation  nnd  small  papules  resulting  front  the  biles  of  dengue- 
infected  A.  aegyptl  mosquitoes  could  not  be  distinguished  from  those  resulting 
from  the  bites  of  nninfecte<l  .1.  wgyptl  mosquitoes.  However,  when  the  gen¬ 
eralized  rash  occurred,  it  was  more  marked  at  the  sites  originally  bitten  by  the 
normal  mosquitoes,  while  each  papule  resulting  from  the  bite  of  an  infected 
mosquito  was  surrounded  by  a  blanched  halo.  Biopsies  performed  on  the 
local  skin  lesions  showed  that  the  epithelium  was  not  involved  and  no  inclusion 
bodies  were  found.  The  chief  abnormality  was  found  in  and  about  the  small 
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blood  vessels  and  coiisisleil  of  eiidotlielisil  swellin(r,  i>eriviis<’uliir  edemn,  and 
infiltration  with  inononiieleiir  cells. 

Particle  size  of  the  virus. — The  diameter  of  the  virus  as  deteriiiined  by 
fdtration  of  highly  infectious  human  serinn  through  gradocol  membranes  was 
estimated  at  1‘2  to  25  m^,  Itecunse  all  the  volunteers  who  received  tlie,  filtrates 
from  nieinbranes  with  an  A.IM).  (averttge  |K)re  tiiaineler)  of  75  in/i  or  greater 
develoi)ed  tyiiically  severe  dengue,  while  two  volunteers  who  re«"eived  the 
filtrate  from  the  nienibrane  with  an  A.P.D.  of  .50  m/»  remained  well.”  How¬ 
ever,  since  the  latter  volunteers  exhibited  a  partial  imnmiiity  to  reinoculation 
several  nmt'ths  Inter,  it  is  |K>ssible  that  n|>|iii>.\inmlely  one  M.1.1).  of  virus  might 
have  passed  the  50  m;»  membrane,  and  that  the  virus  may  actunlly  be  somewhat 
smaller  than  17  to  25  m^i.  The  virus  could  besctlimenled  from  human  serum  by 
centrifugation  at  24,000  r.p.m.  for  90  minutes  in  an  8-inch  rotor  of  a  vacuum 
ultnicentrifnge.  Examination  with  the  electron  microsco|je  of  itrepavnlions 
from  highly  infectious  human  dengue  serum,  purified  by  differential  centrif¬ 
ugation,  revealed  dumbbell-shaped  structures  (700  m^  x  20-40  m/t),  which 
were  not  found  in  similar  preparations  from  normal  human  sernnt  (studies 
carried  out  in  association  with  Captain  Schlesinger,  and  Dr.  AVendell  M. 
Stanley  of  the  Rockefeller  Institute). 

Cultivation  in  various  media  in  vitro.— Although  successful  cultivation 
of  dengue  virus  on  the  chorio-allantoic  niendtrane  of  the  developing  ehiek  had 
been  clnitiied.  the  claims  were  either  not  substnntiateil  by  tests  on  Inimnii 
beings,'”  or  the  human  tests  which  were  carrieil  out  yielded  [in  this  writer’s 
opinion]  no  conclusive  evidence  tliat  the  cultured  material  was  dengue  vims.” 
Numerous  attempts  were  made  to  propagate  a  varielj’  of  strains  of  the  human, 
unmodified  virus  in  embryonated  eggs  inocnlateil  by  various  routes,  or  in  tissue 
cultures  containing  minced  chick  embryo,  minceil  inimse  embryo,  or  human 
leukocytes.  However,  nil  of  these  attempts  yielded  negative  results  ns  judged 
by  tests  on  liiuiinu  volunteers  who  failed  to  develop  either  disease  or  immunity. 
After  the  dengue  virus  was  successfully  nda]>tpd  to  propagation  in  mice,  it 
proved  possible  to  cultivate  it  in  chick  embryos. 

Experimental  illness  following  infection  with  dengue  virus  by  scari¬ 
fication  of  skin,  conjunctival,  or  nasal  instillation.” — The  investigation  of 
the  results  of  infection  by  ^bniiiatumr’  routes  was  part  of  a  .search  for  some 
means  of  producing  immunity  wiflioiit  disease.  Uiidihited,  infectious  seriiiii 
rubbed  into  the  scarified  skin  prodneet]  uiiinodified  dengue.  Nasal  instillation 
of  I  iiiillioii  or  l(K),IKH)  M.I.I).  (hasi'il  on  iiife«’tlvity  by  iniracnianeons  nuite) 


fmitDotr  20.  p.  4a. 

**  8«e  footnote  26.  p,  41. 

R.,  Blftalil.  K..  and  Akaaawa.  H. :  Tber  die  Sochtunir  dei  I>enitue*iniB  anf  der 
ChorloaUantolamenbrmB  tob  HUliner«lern.  JaptnaM  J«  Mad.  8c.  VI.  Bnct.  and  ParitUol.  2:  241. 
1M4. 

Latter.  Lt.  Col.  Albert  B.  Stbln.  MC.  to  PrafaDtlra  Madlelna  Service.  OfBoe  of  The  Surfaon 
Qeneral,  attn:  Brljt.  Oen.  Stanhope  Bayrte-Jonee.  dataU  26  Jan.  1945.  anblect:  Penetration  of  Haafiia 
Vlrna  Through  Normal  NaBiil  Mueona  With  Raenltlof  Modification  In  Cllnlenl  Type  of  Infection. 


i>K.\«;rK 


49 


rptiiili»Hl  ill  a  very  mild  or  iiegligihle  illness  wi»li  rish  in  four  of  six  liumun 
volunteers,  wliile  two  olliers  suffered  from  a  typical,  unmodified  attack.  Nasal 
instillalioi)  of  10,000  M.I.l).  produced  neither  di.seasc  nor  iinniuiiity.  Instil¬ 
lation  of  2<i0,000  M.I.D.  into  the  conjunctival  sac  produced  tjpical  dengue  in 
one  volunteer,  wliile  10,000  M.I.l).  produced  neither  disease  nor  iiiiiiiiinity  in 
another.  Mosquitoes  fee«ling  on  a  volunteer  with  the  modified,  negligible 
disease  following  nasal  iii.stillntion  of  the  virus,  at  the  time  the  iiisli  first  ap- 
]ieare<l  (in  abspiire  of  fever),  develope<l  the  capacity  to  transmit  the  unmodi¬ 
fied  diseiLse.  Alioiil  .%  weeks  after  nasal  instill.it ion  of  the  virus,  thi-ee  of  the 
volunteers,  who  exhibited  the  mildest  symptomatic  reaction,  were  exjiosed  to  the 
biles  of  deiigue-infecteil  mosquitoes  and  were  found  to  lie  immune. 

Effect  of  Atabrine  and  penicillin. — The  effect  of  Atabrine  (qiiiiincrine 
hydrochloride)  on  the  course  of  dengue  was  investigated  in  order  to  determine 
whether  or  not  this  drug  might  have  been  ivsixmsible  for  tlie  mild  forms  of 
dengue  eiicoiiiitered  in  oiir  troops  in  New  Guinea.'”  Three  voluiiteei-s  were 
given  O.l  gin.  of  Atabrine  daily  for  a  i>eriod  of  12  days  prior  to  infection  by 
e.xposiire  to  tlie  bites  of  22  to  24  .1.  aegypti  mosquitoe.s.  The  same  dose  of 
Atabrine  was  then  coiiiiiiiied  throughout  the  incubation  and  febrile  periods. 
All  three  volunteers,  who  were  daily  nliserved  to  swallow  the  drug,  developed 
the  di.sease  without  iiiiNlificatiuii  of  the  incubation  period,  clinical  severity, 
nisli,ur  duration  of  fever.  Penicillin  administered  at  the  onset  of  fever  (25,(X)0 
nnils  every  :$  hours,  day  and  night)  lisid  no  ettecl  on  the  course  of  the  exjieri- 
nieiilal  di.sea.se. 

Capacity  of  certain  Anerican  mosquitoes  to  transmit  dengue. — This 
ill  vest  igiil  ion  was  carrieil  out  to  determine  to  wliat  extent  mosquitoes  prevalent 
ill  the  I'liited  States,  other  than  .1.  aegypti,  might  be  potential  vectors.  The 
fissliiig  of  any  sjiecies  on  liiniiiiii  viiliniteers,  altliough  occurring  at  the  onset 
of  fever,  was  always  clie*‘ked  by  allowing  A,  aegypti  to  feed  simultaneously. 
The  extrinsic  inculiation  |)eriods  varied  from  2  weeks  to  over  1  month.  The 
following  .sjiecies  of  iiios(]iiitoes  were  found  not  to  transmit  the  infection  under 
ronditioiis  which  jiennitted  .1.  aegypti  to  act  as  an  effective  vector:  Aedes 
reratut.  Aedex  xoHii'itanx,  Avdex  taeruorhynehtu,  Aedex  rantator,  Anophelex 
jninrflpennix.  Anopheiex  quadrimaealatuA,  and  Gulex  pipienn. 

Preservation  of  virus  by  freezing  and  lyophilization.— Dengue  virus, 
ill  I  lie  form  of  limiiiiii  serum,  lias  been  found  to  be  remarkably  stable  on  storage 
in  tlie  frozen  state  in  a  Dry  Ice  chest,  or  in  the  lyopliilized  state  in  an  ordinary 
refrigerator.  Preparations  have  remained  infective  for  a  period  of  5  years, 
tlie  hnigest- interval  lesleil  thus  far.'"* 

”  lellrr.  Lu  <'<il.  .\lbvrt  B.  Sabin,  MC.  to  PrcvratlTc  )lcdlcln«  Service.  OBce  of  The  Surccon 
attn :  Brlff.  0«n.  8.  duled  29  Jan.  194S,  mibjpct:  (a)  of  Dally  lootake 

of  Atfibrlii^  on  Cllnlral  Conroe  of  Eirerlnienttt  Drnmo  10  Human  Voluntoera:  <b)  Factort  Retpontlble 
for  M114.  I'ftnally  Raah  Froo,  Short  Febrile  Forma  of  Deoyne  lo  New  Onlnea  (1944). 

*8aMn.  A.  B. :  Tim  Denrne  Or>op  of  Vlmoea  and  Ita  Family  Relatlonablpa.  Baet.  Rer.  14: 
229  233.  Bepteosber  1950. 
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COMML’XICABLE  DISEASES 


EFFECT  OF  DENGUE  VIRUS  ON  LABORATORY  ANIMALS 

Infant  mice  and  hamsters,  newborn  and  adult  guinea  pigs,  cotton  rats,  rab¬ 
bits,  and  Maami  rhesuM  monkeys  inoculated  iiifriicerebrally  or  intra-nlidoini- 
nally,  or  both,  witli  serum  or  whole  blood  of  prove<l  infectivity  for  huiiiaii  beings 
exhibited  no  cliiiionl  signs  of  infection.  Tests  with  guinea  pig  hrain  tis.siie  in 
a  human  voliinteer  revealed  no  evidence  of  inapparent  infection  in  the  guinea 
pig.  On  the  other  hand,  subiiKs-ulation  of  si'rinii  obtaine<l  from  M. 
monkeys  G  days  after  iiuK'ubition  of  Innnan  seiuin  ]n'o<liiced  typical  dengue  in 
a  human  volunteer,  thus  confirming  the  occiirnmce  of  inapparent  infection  in 
M.  r/icuvn  monkeys.  The  nltiinate  adaptation  of  the  virus  in  mice  will  be 
descrilx'd  sul»sp<|iiently. 

IMMUNOLOGIC  STUDIES  ON  HUMAN  VOLUNTEERS 

Immunity  to  reinfection  with  homologous  and  heterologous  strains 
of  virus. — Human  vohintcers  reinoculated  with  the  same  strain  of  virus  proved 
to  be  comiiletely  immune  for  ns  long  ns  18  rionths  after  a  single  infection — 
the  longest  period  tested  thus  far.  These  t**sts  are  especially  significant  Ixsaiuse 
they  were  carried  out  on  liuuuin  beings  residing  in  noiidengne  areas,  and  there 
can  lie  no  question  of  the  iminunity  Imviiig  lieen  reinforced  by  interciirrent, 
inapparent  reinfection.  The  results  of  reiiKKtnhition  with  a  heterologous  strain 
were  foiiiid  to  depend  on  the  intervnl  after  the  original  attack.  Active  im¬ 
munity  to  heterologous  strains  wiis,  ns  a  rule,  demonstnible  during  the  Hrst  2 
months  after  an  attack.  That  this  cniss-immuiiity  is  most  likely  due  to  a  group 
specific  antigenic  stimulus  and  not  to  nonspecific  resistance  resulting  from  a 
precwling  febrile  illness  was  confirmed  by  the  fact  that  pidebotnmus  fever 
convalescents  exhibited  no  such  immunity  to  dengue.  Ib.Mii  feet  ion  with  a  differ¬ 
ent  immunologic  type  of  dengue  ^irus  approximately  2  to  3  months  after  a 
primary  attack  had  been  found  to  give  rise  to  malaise  and  slight  fever  for  less 
than  24  hours,  and  mosquitoes  which  fed  on  .such  patients  acquired  the  capacity 
to  transmit  the  iinmodilied  disease.  Group  inuiiiinity  was  still  evident  for  as 
long  as  9  months  after  the  jirimary  attack,  since  volunteers  who  were  then 
shown  to  be  resistant  to  the  homologous  type  reacte«l  with  ii  rasli-fi'ee,  febrile 
illness  of  2  to  3  days’  duration  upon  inoculation  with  a  heterologous  type  of 
dengue  virus.  These  modified  attacks,  clinically  not  reco^..i<.able  as  dengue, 
were  proved  to  be  dengue  by  both  mosquito  and  blood  transmission  tests.  By 
this  metliod  of  comparison,  it  was  found  that  four  of  the  seven  human  strains 
studied,  that  is,  the  Hawaii,  Kew  Guinea  “A,”  and  two  strains  from  India, 
belonged  to  one  immunologic  type  or  group,  while  the  other  three,  all  from 
New  Guinea,  belonged  to  another.  Since  more  than  one  immunologic  type  of 
dengue  virus  was  thus  found  to  be  present  in  New  Guinea  at  the  same  time, 
it  is  possible  tliat  reinfection  with  a  heterologous  tyi>e  of  virus  may  have  been 
one  of  the  causes  for  the  many  atypical  febrile  illnesses  which  were  diagnosed 
as  fever  of  imdeiermined  origin,  but  which  were  shown  to  be  dengue  by  recovery 
of  the  virus. 
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Demonstration  of  type-specific  neutralizing  antibodies.^"— Previous 
attempts  by  otlier  in  vest  igii  tors  to  ilemonstrate  a  neutralizing  antibody  in 
convalescent  dengue  serum  were  unsuccessful.  It  became  a]>parent  that  the 
previous  lack  of  success  was  at  least  in  pjirt  due  to  the  fact  that  unknown 
quantities  of  virus  were  used  in  the  tests.  Thus,  it  jwoved  possible  to  demon- 
str.ite  that  the  serum  of  volunteers  convalescent  from  infection  with  the 
Hawaiian  strain  of  dengue  virus  was  capable  of  neutralizing  1,000  but  not 
100,0<M(  M.I.I).  of  vims.  'I’liis  means  that  when  0.!)  ml.  of  eoiivalciscent  seniin 
was  mixed  with  0.1  ml.  of  acute  dengue  serum  (with  1  million  M.I.D.  per 
milliliter)  diluted  1: 100,  and  the  mixture,  after  in  vitro  incubation,  was  in¬ 
jected  inti-acutaneously  in  0.2  ml.  amounts  in  a  human  volunteer,  neither  local 
lesions  nor  illness  developed.  Utilizing  the  skin  surface  of  the  arms,  abdomen, 
an<l  back,  20  to  40  ditferent  sent,  including  normal  controls,  could  be  tested 
simultaneously  in  a  single  volunteer,  the  presence  or  absence  of  neutralizing 
antibody  in  a  given  specimen  being  determintnl  by  the  appearance  or  non- 
appeiinince  of  a  local  lesion.  Neutralizing  antibody  ngain.st  1,000  M.I.D.  of 
virus  wa.s  demonstrated  in  the  serum  of  Iliiwuii  dengue  coiiv.alesj-eiits  obtained 
1  week,  and  1,  2,  3,  and  8  months  after  defervescence.  The  dermal  neutraliza¬ 
tion  te.sts  which  established  the  type-specificity  of  the  antiboely  were,  performed 
with  ai)proximately  10  minimal  skin-lesion-producing  doses.  The  results 
obtained  in  tests  with  five  human  strains  of  virus,  shown  in  table  14,  indicate 
only  two  distinct  immunologic  types  among  them — the  Hawaii  and  New 
Guinea  “A"  belonging  to  one  type,  and  the  New  Guinea  “B,”  and  “C,”  and 
“D”  strains  to  another.  Convalescent  serum  obtained  during  the  first  2  months 
after  an  attack,  when  active  immunity  to  heterologous  types  was  readily  de¬ 
monstrable,  contained  only  type-specific  antibody  in  the  dermal  neutralization 
test. 


Tablk  14. — nifffrentialion  bttvfeen  ttraint  of  dengtte  virus  {drrmal  yieuiralizaHon  tests  in 
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Source:  8«bln»  A.  B.:  The  Deofue  Group  of  Yfruarg  tod  Ite  Family  Rclatlonsbipe.  Bact.  Her.  14;  22&-282,  Sep* 
temberiMO. 


*  Letter,  Lt.  Col.  Albert  B.  Bablo,  MC.  to  rreTcntlTe  Medldne  SerTlcc.  Offlce  of  The  Surfeou 
Ooneral.  attn:  Brif.  Oeu.  Btanbope  Bayoe-Joaet.  dated  2d  Jaa.  1945.  aobicct:  Nentrallatns  Anti* 
bodlM  In  Dengue  and  the  Capacity  of  Different  Stralna  of  the  Time  to  Btlmnlate  Their  ProductioD. 
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Interference  between  17-D  strain  of  yellow  fever  and  dengue  vi¬ 
ruses.^® — Tlie  investigation  on  the  relatioiishi])  between  the  yellow  fever  and 
dengue  viruses  was  iiiidei'liikeii  lo  deleniiiiie  wliellier  or  not  vaccinulion  witli 
the  17-D  strain  of  yellow  fever  virus  can  modify  the  clinical  course  and  severity 
of  dengue.  This  was  carried  out  in  search  for  an  explanation  for  the  mild 
form  which  dengue  assumed  in  Ainerioan  troops  in  New  Guinea.  Thirty  volun¬ 
teers  were  used  in  this  study  and  the  following  results  were  obtained: 

1.  When  dengue  virus,  in  lunounts  of  10  to  1  million  human  was 

inoculated  siiniiltaneously  with,  or  3  days  after,  yellow  fever  vaccine,  the  onset 
of  dengue  was  delayed  for  .1  to  C  days,  and  the  resulting  disease  was  miider  and 
of  shorter  duration. 

2.  When  the  dengue  virus  was  iii)eoted  1  week  after  the  yellow  fever  vac¬ 
cine,  the  inciiljation  period  was  unaffected,  but  the  resulting  disease  was  milder 
and  of  shorter  duration. 

3.  When  infection  with  dengue  virus  (either  by  the  bites  of  infected  mos¬ 
quitoes  or  the  inoculation  of  10  human  M.I.D.  of  infectious  serum)  was  post- 
poiie<l  for  r»  weeks  after  the  yellow  fever  vaccine,  neither  the  incubation  period 
nor  the  duration  or  severity  of  the  resulting  dengue  was  modified. 

It  was  concluded,  therefore,  that  immunity  to  yellow  fever,  resulting  from 
vaccination  of  human  beings  with  the  17-D  strain  of  yellow  fever  virus,  neither 
pnitecfs  against  nor  modifies  the  disease  resulting  from  infection  with  dengtie 
virus.  While  a  definite  interference  phenomenon  was  demonstrable  during  the 
period  of  propagation  of  the  two  viruses,  and  while  the  simultaneous  injection 
of  yellow  fever  vaccine  and  dengue  virus  resulted  in  a  rather  mild  and  modified 
form  of  dengue,  it  could  not  be  regarded  as  a  feasible  method  for  the  simultane¬ 
ous  iinmuiiizatioii  against  both  diseases. 

INTERFERENCE  BETWEEN  DENGUE  AND  VISCEROTROPIC 
YELLOW  FEVER  VIRUS  IN  RHESUS  MONKEYS  AND 
MOSQUITOES 

One  of  the  reasons  the  problem  of  interference  between  these  two  viruses 
was  pursued  further  is  the  peculiarity  in  the  epidemiology  of  yellow  fever  that 
it  has  apparently  spared  many  parts  of  the  world  (for  example,  India,  Indo¬ 
nesia,  Australia,  and  so  forth)  where  dengue  has  lieen  endemic.  The  study  on 
M.  rhesut  monkeys  and  <m  mosquitoes  was  carried  out  in  association  with  Dr. 
Max  Theiler  of  the  International  Health  Division  of  the  Rockefeller  Founda¬ 
tion."  In  the  tests  on  Iniinaii  volunteers,  tlie  yellow  fever  virus  (17-D)  was 


MnJ.  Albert  B.  Habln.  Mf*.  to  Preventive  Medldn'*  B^rrlre.  OlBce  <»f  The  Kurreon 
General,  attn :  Brlfi.  Geo.  Ktanhiiiie  lla}'iie«JoneM.  ft  Ni»v.  1U44.  <ubjerl  ;  Interference  anal 

ImmnnolOffle  Rclatlonahlp  Between  Dencue  And  Yellow  Fever  VlriiHeii — Miimmar.v  of  Ri>iiult«  Outalned 
In  fitudlea  on  Human  Belnfa,  Rheaua  MoBkeTn.  and  AHtt  noaqultoea. 

^  See  footnote  40. 
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the  agent  wliich  produced  tlie  inuppareiit  infection  wliile  dengue  ))i’oduced  the 
clinically  apparent  disease.  In  the  tests  on  M.  rhems  inonkcj's,  t  he  dengue  virus 
(highly  infectious  hiiniiui  sennn  injected  intni-abdoininnlly  t>r  intriiceivhnilly) 
produced  tlie  inapparent  infection  while  the  viscerotropic  yellow  fever  virus 
(Asihi  strain)  prodiuxHl  the.  cliiiic'ally  severe,  fatal  disease.  When  the  dengue 
virus  was  injected  in  M.  rhesun  monkeys  2  or  3  days  before  the  viscerotropic 
yellow  fever  virus,  it  interfered  with  the  ninltiplication  of  the  latter  virus  and 
six  of  seven  monkeys  survived,  while  all  nine  control  monkeys,  inoculated  with 
yellow  fever  vims  only,  dic<l.  When  the  interval  Wtween  the  tleiigiie  and  yellow 
fever  inoculations  was  from  4  to  7  days,  there  was  still  deiiionst  nihle  interfer- 
eiu'e  with  the  ninltiplicution  of  the  yellow  fever  virus,  but  death  of  the  monkeys, 
while  postponed,  was  not  prevented.  When  the  yellow  fever  virus  (100  mini- 
nuim  lethal  dose)  was  injected  1  month  after  the  dengue  virus,  six  of  eight 
monkeys  died  in  a  manner  which  suggested  that  no  significant  cross-iiiimnnity 
e.visted  between  the  two  viruses. 

Since  the  si.  aegypli  mosquitoes  serve  as  natural  vectors  for  both  the  dengue 
and  tlie  yellow  fever  viruses,  and  since  available  evidence  indicated  that  mos¬ 
quitoes  remain  infected  for  life,  tlie  possible  occurrence  of  interference  between 
these  two  viruses  in  mosquitoes  was  of  special  interest  and  possible  epidemio¬ 
logic  signifioniice.  ,4.  aegypti  niostjuiloes  which  first  were  proved  to  liave  be¬ 
come  iiife<;t«l  with  dengue  virus  (by  tests  on  human  volunteers)  were  allowetl 
to  feed  on  monkeys  infected  with  the  highly  virulent,  Asibi  strain  of  yellow 
fever  vims.  After  a  suitnlde  interval,  these  mosquitoes  were  tested  for  tlteir 
capacity  to  transmit  yellow  fever,  and  two  of  the  three  monkeys  bitten  by  ilieiii 
died  of  yellow  fever.  However,  tests  in  which  extracts  of  individual  mos¬ 
quitoes  were  tested  in  mice  suggested  that  some  of  the  dengue-infected  mos¬ 
quitoes  did  not  become  infected  with  the  yellow  fever  vims,  wliile  all  the  normal 
iiiosqiiiloes  did.  In  view  of  the  fact  that  in  feeding  on  monkeys  infected  with 
the  Asihi  strain  of  yellow  fever  virus,  each  mosquito  acquires  about  10  million 
M.L.I).  (minimum  lethal  dose)  of  virus,  a  degree  of  infection  which  may  not 
obtain  in  nature,  other  e.xperiments  were  jieiftimied  in  wliicli  iioniial  and 
dengue- infected  mosquitoes  were  allowed  to  feed  on  artificial  mixtures  con¬ 
taining  varying  amounts  of  yellow  fever  vims,  and  the  multiplication  of  virus 
ill  them  determiiictl  by  tests  in  mice.  These  experiments  strongly  suggested 
interference  with  multiplication  of  smaller  doses  (about  10*LDm  or  less)  of 
yellow  fever  in  dengue-infected  mosquitoes,  and  in  another  biting  test  in  mon¬ 
keys,  the  normal  mosquitoes  which  ingested  10*LDr,o  of  vims  ti  ansmitteil  yellow 
fever,  while  a  similar  number  of  dengue-infected  mosquitoes  which  fed  on  the 
same  mixture  did  not.  These  results  suggested  the  possibility  that  the  intro¬ 
duction  of  yellow  fever  virus  in  a  dengue-endemic  area  may  find  enough  mos¬ 
quitoes  relatively  refractory  to  the  yellow  fever  virus  to  prevent  the  establish¬ 
ment  of  yellow  fever  in  the  same  area. 
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COMMUNICABLE  DISEASES 


ADAPTATION  AND  PROPAGATION  OF  DENGUE  VIRUS  IN  MICE 

The  following  quotation  from  this  writers  report  to  the  Fourth  Interna¬ 
tional  Congresses  on  Ti-opical  AIe<licine  and  Malaria  "  suniinarizes  the  experi¬ 
ences  encountered  in  the  adaptation  of  dengue  virus  to  mice: 

•  *  *  the  many  slmiiaritlea  between  the  viruses  of  yellow  fever  and  dengue  and  the 
available  knowle<ige  of  the  varying  behavior  of  yellow  fever  virus  In  mice,  were,  in  large 
measure,  responsible  for  the  persistence  with  which  my  associate,  Dr.  R.  W.  Sciilesinger, 
and  I  continued  the  work  on  adaptation  of  dengue  virus  In  mice  In  the  face  of  many  failures. 
Ditimately,  It  apiieared  that  In  the  primary  adaptation  of  buman  dengue  viriis  In  mice,  the 
important  factors  were  the  breed  and  age  of  the  mice,  the  strain  of  virus,  and  the  propor- 
tionni  concentration  of  virua  and  inhibitory  factor  apparently  present  In  infectious  human 
seniiii.  The  best  results  were  obtained  with  the  Hawaii  virus,  either  concentrated  by 
ultracentrlfiigatinn  at  29,000  revolutions  per  minute  for  90  minutes,  or  with  highly  lufec- 
tioiia  li  liman  serum  diluted  1:100.  The  so-caiied  XVebster  Swiaa  mice  were  better  than 
ntlier  albino  mice,  and  the  "dba”  mice  bred  at  the  Jackson  Memorial  Laboratory  at  Bar 
Harbor,  Maine,  appeared  to  be  better  than  any  of  the  albino  and  colored  (C-57  black. 
C-S7  brown)  mice  that  were  tested.  Two-week-old  or  younger  mice  were  needed  for  the 
Initiai  passages,  and  it  was  not  until  the  virus  was  thoroughly  adapted  after  many  serial 
passages  in  young  mice,  that  older  mice  would  succunih  with  regularity.  The  diagram  ’n 
ciiart  2  shows  that  only  that  tnrtlon  of  the  iiassage-tree  which  yielded  auccessfui  con¬ 
secutive  passages  and  not  the  hundreds  of  mice  which  in  the  early  passages  exhibited 
nothing  or  yielded  nothing  on  further  passage.  Only  10  to  20  percent  of  the  Inoculated 
mice  at  first  exhibited  cilnlcai  algns  of  the  infection  (slight  weakness  of  the  extreinides 
detectable  only  by  special  teats  in  some,  and  distinct  flaccid  iiaralysis  or  encephalitic  signs 
In  others),  and  the  incubation  period  was  frequently  3  to  4  weeks.  It  took  ir>  passages 
before  100  percent  of  the  mice  inoculated  with  n  10  percent  brain  and  cord  suspension 
succumbed,  and  the  incubation  period  was  reduced  to  0  to  14  days.  At  this  stage  the  .''lO- 
percent  morbidity  and  mortality  endpoint  In  mice  did  not  exceed  10~',  but  continued  serial 
passages  in  young  mice  gradually  increased  the  titer  and  shortened  the  incubation  period 
until  now,  after  more  than  80  such  passages,  the  intercerebrai  titer  for  the  0.03  cubic 
centimeters  dose  in  mice  is  10'*  *,  and  the  incubation  period  for  the  highest  concentration 
la  approxlnintely  0  days.  We  could  not  be  certain  that  this  virus  in  mire  was  Indeed 
dengue  virus,  until,  after  aiqiroprlate  preilnilnary  tests  in  laboratory  animals,  the  early 
passage  material  was  Inoculated  In  buman  volunteers  and  produced  in  them  solid  immn- 
nity  to  uiimiKilfled  human  dengue  virus,  Blmliariy,  we  know  that  the  virus  of  higher 
potency  which  Is  now  being  passaged  in  mice  is  still  dengue  virus,  because  it  is  neutralised 
apecifically  by  the  buman  convalescent  sera  and  by  the  sern  of  rhesus  monkeys  and 
chlmpanzeea  Inocniated  with  hnman  virus  that  has  never  been  through  mice.  This  mouse- 
adapted  dengue  virus  produces  neither  apparent  nor  Inapparent  infection  in  cotton  rats, 
hamsters,  guinen  pigs,  or  rabbits. 

EFFECT  ON  HUMAN  VOLUNTEERS  OF  MOUSE-PROPAGATED 
DENGUE  VIRUS  AT  DIFFERENT  STAGES  OF  ADAPTATION 

Extracts  of  the  brain  and  spinal  cord  of  paralyzed  mice,  derived  from  the 
first  six  consecutive  passages  in  mice,  upon  inoculation  in  human  volunteers 
produced  clinical  manifestations  of  varying  severity — relatively  mild  in  some 

*  Sabin,  A.  B. :  Reo(>nt  Advance!  in  Phlcbotomoa  nod  Denfue  FcTcra.  Proc.  Fourth  Intemnt. 
Conr  Trop.  Med.  and  Malaria  1 :  520-625.  Mar  1948. 
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CuAKT  2. — Adaptation  of  dengue  virui  (Batcaii  etrain)  to  Btciio  albino  mice 
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and  fully  severe  and  unmodified  in  others.**  Local  skin  lesions  appeared  at  the 
sites  of  intracutaneous  injection  after  an  incubation  period  of  5  to  7  days,  and 
marked  generalized  maculopapular  and  ultimately  petechial  eruptions  ap¬ 
peared  in  all.  T^ukopenia  with  the  qualitative  and  quantitative  changes  in 
the  leukocytic  formula  usually  seen  in  dengue  were  also  present.  Blood  serum 
obtained  from  the  above  volunteers  at  the  onset  of  the  generalized  eruption 
produced  typical  dengue  in  another  volunteer. 

>*  SaMn,  A.  B.,  aad  SckiMlacw.  K.  W. ;  Froductloa  of  Imnunttr  to  Dentw  With  Vlnw  KodlScd 
hr  fropasatlaa  In  Kloc,  Scienec  101 ;  040-443,  Jim  IMS. 
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lie^iniiing  with  the  seveiitli  passage  in  mice,  liowever,  the  vims  liaJ  lost 
its  capacity  to  produce  the  severe  illness  and  protractwl  fever,  characteristic 
of  tlic  unmodified  disease  in  human  beings,  but  retained  its  ciipiicity  to  produce 
a  rash  and  solid  iininunity  to  the  unmo<lified  virus.  Fever  eitlier  did  not  occur, 
or  was  low-grade,  lasting  24  hours,  or  less.  Bloo<l  taken  from  such  [hm’sous  at 
the  time  the  ra.sh  first  u])£»eared  produced  only  the  same  tyjH*.  of  nioditied  reac¬ 
tion  in  other  volunteers.  Immunity  to  infection  with  the  ninnixlilied  virus 
was  already  present  12  days  after  inoculation,  the  shortest  interval  tested. 

USE  OF  MOUSE-ADAPTED  DENGUE  VIRUS  AS  A  VACCINE 

The  results  of  te.sts  on  nine  liuiiiiin  voliiiitt'crs  inocnhited  with  the  Ttli  to  the 
10th  mouse-passage  virus  indicated  tliat  the  virus  had  undergone  sufflcient 
attenuation  to  permit  its  consideration  for  use  as  a  vaccine  against  dengue. 
Accortlingly,  two  vaccines  were  prepare<l  from  the  15f  li  and  lOth  monse-piissage 
virus  and  tested  both  in  ASTP  (Army  Specialized  Training  Program)  medical 
student  volunteers  and  in  schizophrenic  patients.  The  15th  moiisc-])iissage 
vaccine,**  consisting  of  a  centrifuged  1: 10  monse-brain  extract  in  10-]>ercent 
human  serum-saline  solution,  was  tested  in  1C  individuals  in  doses  of  0.6  ml. 
of  the  1 : 100,  1 :  IflOO,  and  1 : 10,000  dilutions.  While  the  titer  of  this  virus 
in  mice  was  only  1 : 100  for  the  0.03  ml.  dose,  all  inoculated  persons  (including 
those  receiving  0.5  ml.  of  the  1: 10,000  dilution)  developed  a  niaculopapular 
eruption  of  varying  e.xtenl,  while  systemic  symptoms  were  either  iihsent, 
negligible,  or  very  mild;  21  to  38  days  after  vaccination,  all  were  found  to  be 
iminiine  upon  exposure  to  A.  aegypti  mosquitoes  of  prove<l  infectivity.  Thus, 
it  became  apparent  that  the  extract  from  a  single  mou.se  brain  and  cord,  pre¬ 
served  in  the  frozen  state,  had  enough  antigen  in  it  to  immunize  at  least  10,000 
people.  Wlien  some  of  the  same  IStli  mouse-passage  vaccine  was  lyophilized 
together  witli  yellow  fever  vaccine  and  tested  in  10  students  (the  inoculum 
contained  1 : 100  or  1 : 1,000  dengue  and  the  standard  dose  of  yellow  fever 
vaccine),  5  of  7  students  subsequently  exposed  to  dengue-infected  mosquitoes 
were  not  immune.  It  was  not  clear  whether  the  chick  embryo  yellow  fever 
vaccine  did  not  constitute  a  suitable  protective  agent  for  the  lyophilization 
of  the  diluted,  modified  dengue  viru.s,  or  whether  the  proportions  of  the  two 
viruses  in  the  inoculum  were  such  that  the  multiplication  of  the  smaller  dose 
of  modified  dengue  virus  was  suppressed  by  the  larger  dose  of  yellow  fever  virus. 

Since  it  was  desirable  to  get  away  from  human  serum  as  a  constituent  of 
the  vaccine,  crystalline  bovine  albumin  was  selected  as  the  protein  to  be  used 
for  both  extraction  and  lyophilization  in  the  tests  with  the  10th  mouse-passage 
vaccine.*’  A  relatively  large  amount  of  vaccine  (enough  for  more  than  60,000 

**  Report.  Lt  Col.  Albert  B.  Sabla,  UC,  and  Capt  R.  W.  ScblNlDEer,  MC,  to  UeetlOK  of  tbe 
CommUtloo  on  Ncorotrople  Virus  Diseases,  Arm7  EpIdemloIoRtcal  Board,  18  Oct.  1845,  subjeet: 
Vaednatinn  of  Humaa  Belofs  with  Denjpie  Vims  IfodlSed  bj  Passage  In  Mice. 

w  Letter.  Capt.  R.  W.  Sehleslager.  ICC.  to  Brlir.  Gtn.  Stanhope  Prercntlre  Medicine 

flerrlce,  Office  of  The  Surgeon  Ocnersl.  12  Sept.  1845.  with  Appendls  I.  “Resnlts  of  Inmanltj 
Te«l".” 
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men)  was  prepared  both  as  a  model  for  pitxiiiction  on  a  still  larger  wale 
and  for  the  purpose  of  having  enough  available,  for  a  liehl  trial  if  tlie  pre¬ 
liminary  human  tests  were  satisfactor)-.  Willi  the  aid  of  the  farilities  of  the 
lalKjratories  of  the  International  Health  Division  of  the  Rockefeller  Founda¬ 
tion,  the  vaccine  was  lyophilized  in  two  forms — as  10  pi^rcent  aiul  ns  1  percent 
extract  of  mouse  brain  and  cord  in  10  percent  crystalline  bovine  albumin. 
Simultaneous  titrations  in  mice  of  the  frozen  and  lyo]>hilized  10  |>crcent  vac¬ 
cines  revealed  that  the  lyophilized  material  had  only  one-tenth  as  much  infec¬ 
tive  virus  as  the  frozen  preparation;  that  is,  that  tW  percent  of  the  infect ivity 
was  lost  on  lyophilizntion.  However,  tests  on  l.'i  persons  revealed  that  the 
10  percent  lyophilized  vaccine  produced  tl»e  same  type  of  reactions  (that  is, 
predominantly  rash)  as  the  15th  mouse-passage  frozen  vaccine,  except  that 
ill  the  1 : 10,000  dilution  the  lyophilized  preparation  produced  rash  in  only 
1  of  3  individuals,  and  immunity  to  a  largo  dose  of  unmodified  dengue  virus 
(probably  as  much  as  1  million  M.I.D.)in‘2of  the3  individuals.  Thel  percent 
lyophilized  vaccine  was  apparently  ineffective  (probably  more  deterior.ition 
on  lyophilizntion)  since  neither  rash  nor  immunity  resulted  from  the  1 : 1,000 
or  the  1 ;  10,000  doses. 

Each  vial  of  the  10  percent  lyophilized  vaccine  contained  1  ml.  of  the 
centrifuged  extract  of  mouse  brain  and  cord,  and  was  to  be  reconstituted  in 
20  ml.  of  saline.  Thus,  0.1  ml.  of  this  diluted  material  (the  projected  dose 
for  subcutaneous  injection)  contained  the  mouse  brain  and  cord  extract  as 
well  as  the  crystalline  bovalbumin  in  a  hnal  dilution  of  1 : 200,  and  one  vial 
would  have  supplied  enough  vaccine  for  approximately  200  men.  This  vac¬ 
cine  was  to  be  used  in  a  held  trial  among  troops  who  were  being  transferred 
frem  Europe  to  the  Pacific,  but  the  war  fortunately  came  to  an  end  before 
this  eventuality  occurred. 

INFECTIVITY  OF  A.  AEGYPTI  MOSQUITOES  FEEDING  ON  HUMAN 
BEINGS  INOCULATED  WITH  MOUSE  ADAPTED  DENGUE  VIRUS 

This  investigation  was  prompted  by  two  practical  questions:  (1)  Is  it 
possible  that  the  virus  might  revert  to  its  original,  unmodified  virulence  after 
passage  through  mosquitoes,  and  (2)  could  A.  aegypti  mosquitoes  transmit 
the  modified  infection  after  feeding  on  vaccinated  individuals  at  certain  pe¬ 
riods  after  inoculation?  The  following  results  were  obtained: 

1.  A.  aegypti  mosquitoes  which  fed  on  the  human  volunteer  inoculated 
with  the  2d  and  3d  mouse-passage  virus  (that  is,  before  fixed  modification 
had  occurred)  during  the  period  of  low-grade  fever  produced  unmodified 
dengue  in  another  volunteer  after  an  extrinsic  incubation  period  of  22  days, 
but  not  after  15  days,  even  though  40  mosquitoes  fully  engorged. 

2.  A.  aegypti  mosquitoes  which  fed  on  people  inoculated  with  the  10th 
mouse-passage  virus  acquired  the  capacity  to  transmit  the  modified  infection ; 
that  is,  the  bitten  voliiuleer  developetl  only  the  rash  and  leukopenia  without 
fever  or  other  significant  symptoms. 
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3.  Extensive  tests  carried  out  on  students,  inoculated  with  the  15th  mouse- 
passage  virus,  indicated  that  several  lots  of  A.  aegr/pti  mosquitoes,  which  had 
fed  <laily  on  tlie  experimental  subjects  for  14  days  after  vaccination,  were 
unable  to  transmit  the  infection  even  after  prolonged  extrinsic  incubation 
periods  of  29  to  33  days.  With  22  to  42  mosquitoes  engorging  in  the  tests  on 
each  volunteer,  there  was  no  rash  or  other  clinical  evidence  of  infection  in 
any  of  the  14  men  who  were  exposed  in  these  tests. 

CULTIVATION  OF  MOUSE-ADAPTED  DENGUE  VIRUS  IN  (’.HICK 

EMBRYOS 

No  success  was  achieve<l  in  the  cultivation  of  dengue  virus  in  chick  embryos 
until  the  virus  had  undergone  approximately  16  consecutive  passages  in  mice.** 
Attempts  to  propagate  the  mouse-adapted  virus,  using  passages  4,  5,  and  13, 
in  fluid  or  pit  sma  clot  cultures  containing  mouse  embryo  brain  tissue  were 
unsuccessful  in  that  no  virus  pathogenic  for  mice  was  demonstrable  after 
1,  2,  or  3  passages.  When  the  13tli  passage  mouse-adapted  virus  was  used  for 
inoculation  of  0-  or  lO-day-old  chick  embryos  which  were  subsequently 
incubated  for  8  or  4  days,  respectively,  at  37°  C.,  no  mouse-pathogenic  virus 
was  demonstrable  after  one  to  four  serial  passages.  The  results  were  the  same 
when  the  inocula  were  introduced  into  the  yolk  sac  or  embryo,  allantoic  or 
amniotic  sacs.  When  the  13th  passage  mouse-adapted  virus  was  inoculated 
directly  into  the  brain  of  10-day-old  embryos  which  were  subsequently  incubated 
for  7  days  at  37°  C.,  mouse-pathogenic  virus  was  demonstrable  in  the  chick 
embryo  brain  tissue  in  the  first  passage,  but  not  in  the  second.  Repetition 
of  this  procedure  with  16th  passage  mouse-adapted  virus  yielded  negative 
results  even  in  the  first  passage.  When  the  16th  or  18th  passage  mouse-adapted 
virus  was  used  for  inoculation  (toward  the  embryo)  of  6-day-old  chick  embryos 
which  were  subsequently  incubated  for  8  days  at  37°  C.,  mouse-pathogenic  virus 
was  demonstrable  in  whole  embryo  extract  of  the  first  passage  in  three  separate 
series.  In  only  one  of  these  series,  however,  was  virus  demonstrable  in  the 
second  passage,  but  even  in  this  series  it  was  no  longer  present  in  the  third 
passage  when  the  incubation  was  at  37°  C.  It  was  found,  however,  that 
incubation  at  35°  C.  was  more  suitable  for  the  serial  propagation  of  the  virus, 
so  that  it  has  been  possible  to  demonstrate  appreciable  amounts  of  virus  in  the 
third  passage  of  at  least  two  series.  There  was  some  indication  that  4  or  5 
days  of  incubation  was  not  as  good  as  8  days,  and  that  while  the  virus  was 
present  in  the  amniotic  membrane  os  well  os  in  the  whole  embryo,  little  or  no 
virus  was  found  in  the  amniotic  fluid. 

It  finally  proved  possible  to  obtain  continuous  cultivation  of  the  virus  in 
embryonated  eggs  when  5-day-old  embryos  were  used  for  inoculation  and  a 

*■  Ktport  Cant  R.  W.  SeS'eatatar.  HC,  and  Lt  Col.  Albert  B.  Babin.  IfC.  to  IfaeUnr  of  tha 
N^'urotrople  Virus  CommlMloD.  Annj  Epldenloloffc&l  Board,  IB  Oct.  1945.  Bubjoct:  Densno  Virus  In 
Chick  Embryos. 
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period  of  8  to  10  days  at  35°  C.  for  incubation.  Tests  in  four  human  beings 
with  extracts  of  the  third  passage  whole  cliick  embryo  or  amniotic  membrane 
revealed  that  the  virus  had  remained  in  its  modified  form,  producing  the 
characteristic  macular  or  maculopapular  eruption  after  an  incubation  period 
of  9  to  11  days,  without  fever  (except  for  elevation  of  1°  F.  for  24  hours  in 
one  subject)  or  other  clinical  manifestations. 

SEROLOGIC  TESTS  WITH  MOUSE-ADAPTED  DENGUE  VIRUS 

After  the  Hawaii  dengue  virus  l)ecame  sufficiently  adapted  to  mice  to 
yield  an  intracerebral  titer  of  10'^  to  10'S  it  was  possible  to  develop  a  mouse 
test  for  the  detection  of  neutralizing  antibody.  At  that  stage,  no  neutralization 
of  the  virus  could  be  demonstrated  without  preliminary  incubation  of  the 
'iiixtures  at  37°  C.  for  2  hours,  or  if  the  serum  was  heated  at  56°  C.,  for  30 
minutes.  Neutralization  testa  performed  tinder  optimal  conditions  (that  is, 
with  sera  transported  and  stored  in  Dry  Ice,  and  serum-virus  mixtures  incu¬ 
bated  lit  37°  C.  for  2  hours)  on  sera  from  human  volunteers  infected  with 
various  strains  of  virus  and  from  individuals  with  histories  of  naturally 
acquired  infections  in  various  parts  of  the  world  yielded  considerable  interest¬ 
ing  information.  Thus,  it  was  established  that  the  neutralizing  antibody  was 
type-specific  and  appeared  as  early  as  1  week  after  onset  of  illness  and  persisted 
for  at  least  2  years  (more  recently,  at  least  4  years)  in  individuals  residing 
in  nondengue  areas.  Neutralization  tests  on  sera  from  people  with  a  diagnosis 
of  dengue  during  the  Hawaii  epidemic  of  1943-44,  or  the  Japanese  epidemics 
of  1944-45,  revealed  that  the  Hawaii  typo  of  virus  was  probably  predominant 
in  those  outbreaks,  while  similar  tests  on  the  sera  of  Americans  who  had  the 
disease  on  Guam  in  1944-4.5,  and  from  Americans  and  Panamanians  in  the 
Panama  Canal  Zone  indicated  that  another  type  or  types  of  dengue  were 
probably  more  prevalent  there. 

TESTS  FOR  DENGUE  DURING  WORLD  WAR  11 

Philippines  and  Okinawa. — Large  numbers  of  cases  of  a  febrile  illness 
(or  febrile  illnesses)  clinically  »milar  to  dengue,  with  the  important  exception 
that  there  was  no  rash,  occurred  in  1945  in  the  Philippine  Islands  and  on 
Okinawa.  In  view  of  the  success  that  was  encountered  in  the  recovery  of  several 
strains  of  dengue  virus  from  clinically  atypical  cases  in  New  Guinea,  repeated 
attempts  were  made  to  demonstrate  the  presence  of  dengue  virus  in  patients  with 
this  atypical  illness  in  the  Philippines  and  Okinawa.  The  serologic  tests  for 
dengue  were  not  yet  adequately  developed  at  the  time,  and  .’oliance  had  to  be 
placed  on  the  inoculation  of  serum,  obtained  within  24  to  48  hours  after  onset 
of  fever,  into  human  beings  in  the  United  States.  Tliiee  pools  of  sera  derived 
from  11  patients  in  Leyte,  P.I.  (February-March  1945),  were  subinoculated 
into  6  human  beings  in  the  United  States,  and  two  .sera  from  2  patients  on  Min¬ 
doro,  P.I.  (April  1945),  were  siibinixMilated  into  2  human  beings  in  the  United 
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St}i((>s.*'  Itiil  sill  tlie  ivcj|>ipnl$  riMiisiiiieil  well.  .\.ltlsonp;li  llie  iliinor  jintients 
wei-e.  selecleil  liei'niise  they  renuiiiieil  free  of  jiiinidiee.  there  wiis.  nevertheless, 
a  great  deal  of  hepatitis  in  those  regions  at  the  time.  It  is  noteworthy,  there¬ 
fore,  that  the  reeipients  were  ol>ser\'e<l  for  insiny  months  hiit.  did  not  ilevelop 
jsiiindiee.  The  x*rsi  of  live  ]>atieiits  from  Okinawa  ( Jnne-.Vngnst  1045)  were 
similarly  inomdated  into  four  linmiin  lieitigs  in  the  United  States  with  eoni- 
])letely  negative  rceults." 

Panama  Canal  Zone. — An  investigation  into  the  occurrence  of  dengue  in 
Panaina  daring  World  War  II  was  carried  out  in  .Tannary  and  Fehriiary  1041).*” 
It  was  found  that  in  lOU  and  early  1042,  at  a  time  when  a  great  deal  of  now 
aetivily  was  in  progress  in  t  he  ( 'anal  Zone  and  when  there  was  an  influx  not  only 
of  military  peisionnel  hut  also  of  lalvii'ers  from  uiljacent  eoiintries,  there  was  a 
l•ollsiderable  iiiilhi'eak  in  \merieiiiis  of  a  disiaise  with  clinical  manifestations 
entirely  eonipatihle  with  a  diagnosis  of  dengue.  However,  the  diagnosis  of 
dengue  was  not  made,  and  ]>raet.ieally  .all  of  these  eases  were  found  in  the  files 
of  the  Oorgas  Hospital  under  thediagnoses of  “aiisopharyngitis,’*‘*nasopliaryn- 
giti.s  with  rash,”  or  iMwisioindly  “X-Y-Z”  fever.  However,  in  1945,  Capt. 
(Inter  Haj.)  L.  McCarty  Fairchild,  MC,  of  the  Gorga.s  Hospitil  reported  a 
selected  series  of  these  nisi's  as  “denpielike  fever"  in  Piinania.”*  An  analysis  of 
the  charts  of  these  patients  indicated  that  clinically  tliey  represented  classical 
forms  of  dengue.  It  is  of  iiiten-st  that  A.  acgypii  breeding  m  Ancon.  Balboa, 
and  Panama  ('ity  were  sufficiently  bigli  (indexes  of  10  to  17  percent)  to  justify 
warnings  regarvliag  intensified  mosquito  control.  It  is  furthermore  of  inter¬ 
est  that  during  this  same  period  the  “groat  majority”  (variously  estimated  as 
80  percent)  of  the  native  Panamanian  population  in  Panama  City  was  attacked 
by  a  disease  which  was  iliagaoscd  for  the  most  jiart  ns  measles,  (ierimin  measles, 
or  glandular  fever.  However,  some  of  the  Panamanian  physicians  siisirected 
dengue  at  the  time,  and  this  author’s  examination  of  many  of  the  clinical  iwonls 
revealed  syndromes  clinically  charai'teristic  of  dengue.  Tliere  weiw  ajipareiitly 
no  further  outbreaks  after  1942,  but  .sporadic  cases  probably  continued  to  occur 
since  four  clinically  characteristic  ca.ses  were  oliserved  in  .\merieiins  during  tliis 
author's  visit  early  in  1946.  Neutralisation  tests  in  mice  yieldeil  positive  results 
with  three  of  eight  convalescent  sera  from  the  1941—42  outbreak,  and  one  of  six 
sera  from  recent  convalescents.  It  would  ajqieur  that  a  type  of  dengue  virus, 
immiinologically  distinct  from  the  Ilnwniian  strain,  may  be  prevalent  in 

”  Letter.  Lt.  Ctd.  Albrrt  B.  Stbln.  MC.  lo  l*rcrentlTv  MnllclDe  Serrlce,  OAcc  of  Tb«  Burfbon 
OeiiMal,  atto:  Brlj:.  Q^n.  Staobopa  Bayo^JcNiPii,  dat^  28  Dpc.  194$,  lubjact:  HnmaD  TraDamlaslon 
Teats  Wllb  Sen  rram  T.U.O.  Cases  oo  Mindoro,  P.I..  During  Mnreb  and  April  1945. 

*  Letter.  Lt.  Col.  Albert  B.  Sablo,  BCC.  to  PrsTeotlve  Medldnt  Serrtce,  OOee  of  The  Surteon 
Qeceral.  attn :  Brlf.  Oen.  Staobope  BaTot-Joiies,  daM  29  Pee.  1945,  aublaet :  De*:rtte-Llke  Fever  on 
Okinawa — Human  Trmnainlsslon  Testa. 

**  Letter.  Albert  B.  Sabla.  11. D..  Arm^  Bpldemloloalcal  Board,  to  Tbe  Snrne<»n  General,  L.8.  Army, 
throiiab  Chief.  PreventlTe  Medicine  Service,  5  Mar.  1946.  sub|ect :  iDvestltratlon  of  Fevers  of  X^nde- 
termlned  Orlaln  In  the  Canal  Kene  and  Republie  of  Panama  With  Special  Beferenee  to  Possible  Eademl- 
elty  of  lienirtie  snd  PhlehotoBtus  (Ssndfly)  Fever. 

Fairchild.  L.  M. :  Deofne-LIkt  Fever  on  latbmus  of  Panama.  Am.  J.  Trop.  Med.  25:  .197—401. 
September  1945. 

^  Rofnonl,  M. :  Epldemlo  Dlteaae  In  Panama  tEdltorlal).  Boletin  Atocladon  Medlca  Nadonal 
Panama  3:  7.  1941. 
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Pnnaniii.  This  invest if^atioii  also  sujjpesled  llie  |M>ssll>ility  ( 1)  that  tlie  iiilerioi’ 
of  Pniiaiiia  may  l)e  an  piideinic  focus  of  ileii<rtu*,  and  (ii)  (hiii  the  llnemogogvx 
mosquitoes  :iiul  monkeys  in  the  jiinjjles  of  Psiiitnna  shoiihl  l)e  investigated  as  a 
possible  source  of  “jungle  dengne  fever.” 

Japan. — According  to  an  iiuiiiiry  carried  out  by  the  writer  in  Japan  in 
it  would  iippear  that  nppro.xiiniitcly  '1  million  casco  of  dengne  may  have 
occurred  in  the  |)ort  cities  of  Niigusaki,  Kure,  Saselx),  Kobe,  and  Osiika  between 
104'2  and  1!)4.'>.“  Dengue  was  said  to  have  Iteeii  unknown  in  Japan  l)ef«re  194‘2, 
and  the  epidemics  were  correlated  witli  two  facts:  (1)  Tliese  cities  were  tbe 
ports  of  entry  for  [leople  from  Shanghai,  Singa|>ore,  and  the  Malay  States 
where  dengue  was  prevalent  at  the  time,  and  (“2)  the  water  shortage  and  the 
later  bombing  le<l  tc  the  storage  <if  water  in  all  .soils  of  containers  which  heciime 
the  breeding  grounds  for  A.  nlbopictuti.  Tbe  city  of  Osaka  with  a  ]>opnlatinn 
of  altout  2  niillioti  had  about  .'),000  cases  in  1942  ;  3,000  to  4,000  cases  in  1943; 
400,tKX)  to  000,000  cases  in  1944;  and  an  unknown  iinnilH'r  in  194.'>,  when,  l)e<-anse 
of  the  air  raids,  the  i>opulatiou  dis]>ersed  to  the  surromiding  villages.  The 
sitnation  was  said  to  Ite  similar  in  other  [lort  cities.  E.xaniiuatiou  of  thecllniciil 
clinrts  of  cases  which  occurred  ainoitg  the  hospital  |»ersonjiel  in  Osakn  revettled 
the  <'hi.ssi<'al  clinical  picture,  of  dengue,  and  blood  obtained  from  many  of  these 
piitients  in  194C  neutralized  the  mouse-adapted  dengue  virus. 

Japanese  investigators  carried  ont  ex|»eriinental  stndie.s  on  dengue  during 
the  war,  mid  many  strains  of  virus  were  re|)orted  to  have  been  adapted  to  a 
variety  of  e.xperinientii.1  aninuils.  Some  of  these  iminmi-adapted  viruses  were 
no  longer  nvnihible  in  194(!.  However,  of  live  .strains  of  “dengne”  virus  which 
were  siihmitted  by  several  investigators  for  com]»arativc  study,  only  the  three 
mouse-iidapled  strains  reco\ered  hy  Drs.  S.  Hotta  and  R.  Kimura  of  Kyoto 
tnrneil  out  to  possess  the  proiiorties  of  deague  vims;  the  other  two  “dengue” 
viruses  submitted  by  others  turned  out  to  be  Rift  Valley  fever  in  one  instiiiice 
and  K\ed  rabies  virus  in  another.  The  nentnilizntioii  tests  jicrformed  with 
the  Jiipanese  convalescent  sera  indicated  that  the  Hawaii  type  of  virus  was 
either  ]>re<i..niiuivnt  in,  or  exclusively  responsible  for,  the  epidemics  in  Ja]>nn. 

SUMMARY 

Research  on  dengue  in  the  United  States  during  World  War  II  pmvided 
the  following  new  information  of  special  interest  to  military  preventive 
medicine : 

1.  Proof  of  tbe  existence  of  multiple  immunologic  types  of  dengue. 

2.  Tlie  long  jiersistence  of  immunity  to  homologous  types  of  virus  under 
conditions  ]>rrcludiiig  reinforcement,  of  iiiiiiiiniity  hy  subclinical  reinfection. 

3.  The  modifications  of  the  clinical  manifestations  of  the  disease  which 
result  from  reinfection  with  a  heterologous  ty|)e  of  vini.s  at  various  ])eriods 
lifter  the  iirinmry  attack. 
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4.  The  demonstration  that,  in  areas  (for  example,  New  Guinea)  wliere 
more  than  one  immunologic  type  of  vims  is  present,  fevers  of  undetermined 
origin,  clinically  not  recognizable  as  dengue,  are  actually  caused  by  the  dengue 
vimses. 

5.  The  demonstration  that  type-specilic  immunity  to  dengue  is  associated 
with  neutralizing  antiboilies  for  the  virus,  which  can  be  used  for  diagnostic 
and  epidemiologic  survey  purposes. 

6.  The  propagation  of  dengue  virus  in  mice  with  the  resulting  appearance 
of  a  mutant  or  variant  strain  which  could  be  useil  for  active  immunization. 

In  addition  to  the  discoveries  listed,  a  great  deal  more  was  learned  about 
the  basic  properties  of  the  dengue  vimses.  Thus  was  ilengne  research  brought 
from  the  field  into  the  laboratory,  and  further  progress  has  been  made  jrossible 
by  work  on  exjierimental  animals  instead  of  on  human  volunteers. 


CHAPTER  V 


Filariasis  Bancrofti 

John  Clyde  Stmrtzwelder,  Ph.  D. 

TIic  <ii-st  opitk-niic  of  filitrinsis  in  the  history  of  American  or  other  military 
forces  ocnirml  in  World  War  IT.  Tlie  disease,  which  is  caused  by  the  filarial 
worm,  M’uehcerna  hanrrojli.  appeared  in  American  servicemen  in  epidemic 
|iro|Mirti<iiis  only  in  ceilaiii  Ontriil  I'acific  ishiiids.'  Many  of  the  infe<'tions 
iippitrently  were  acquired  on  Tonjrareva  or  Penriiyti  Island, Born-Born  (Society 
Islan<ls),  Aitiitaki  (Cook  IsInutLs),  Wallis  Islands,  Tiituila  (American  Samoa), 
U»Hihi  (British  Samoii),  Tongatabu  (Tonga  Islands),  Apamama  (Gilbert 
IshiiuhOi  <'»id  Fiji  Islands  (map  1). 

ITnils  of  the  Anny  and  the  Navy  were  stationed  or  islands  in  the  Central 
Pacific  Area.  The  Army  task  forces  were  based  on  Bora-Bora,  Aitiitaki,  Ton- 
gareva,  Fiji,  and  Tonga  Islands.  Flic  Navy  and  Marine  forces  were  located 
on  Walli.s,  Tnliiila,  Upohi,  and  Funafuti  (Ellice)  Islaiid.s.  As  a  result,  both 
services  had  experience  with  filariasis.’ 

Tliere  were  aljout  U.S.  Anny  admissions  for  filariasis  from  1942 
through  1945.  One  death  from  filariasis  was  recorded  in  an  oversea  theater 
in  1944.  Hie  data  on  admissions  for  filariasis  in  the  U.S.  Army,  by  year,  are 
significant:  Three  adniiasions  in  1942,  C60  in  1943,  1,585  in  1944,  and  235  in 
1945  (table  15).  Over  12,000  cases  of  filariasis  occurred  in  U.S.  Navy  and 
U.S.  Marine  Corps  personnel.’  The  difference  between  the  number  of  cases 
of  filariasis  in  the  two  services  was  largely  due  to  the  difference  in  the  number 
of  pei-soiniel  stationed  on  the  islands  where  filariasis  was  a  problem.'* 

Filariasis  was  of  definite  military  significance  during  World  War  II. 
From  5  to  70  percent  of  certain  groups  in  the  Samoan  Defense  Area  contracted 
the  disease  over  a  long  period.  It  was  estimated  that  the  overall  incidence  of 
infection  in  American  military  personnel  would  reach  30  percent  or  higher 
among  exposed  troops.’  Filariasis  was  among  the  leading  causes  of  medical 

Ml)  8ap«ro.  J,  J.:  Epl^enlokifical  ObierTadon*  ob  FllarlariB.  NbUodbI  RMMrdi  Coandt 
Dtrlalon  of  lle41cal  SdoocoB,  ConmlMloa  oo  Mcftlcfti  Setearcb.  Offlet  of  Bdentlflc  Rnoarch  and 
DvfdopBMnt.  Tropical  Diaeaaci  Report  No.  17.  Jooo  1944.  42)  Bapero.  J.  J..  and  Botler.  F.  A. : 

HlCbllcbta  on  Epidemic  Dlaaaaet  OccorrlDf  la  UlIttarT’  Forces  la  tbc  Earlj  Pbases  of  the  War  In  the 
Booth  Pacific.  J.A.M.A.  127 :  002-900,  Mirch  1945. 

*  Roporta  on  FUarlasla  Baocrofcl  In  AmerleaB  Forces  la  the  Paclflc  Area,  April  1944-Jaanar7 
194S.  hj  UaJ.  Jameii  1.  Knott  MC. 

*  Brown.  O.  J.:  f^te  Manifestations  of  Tropical  Disuses.  Med.  Ann.  Olstrict  of  Columbia  10: 
ISO-ini  (March)  194T. 

*  Sterena.  Frank  W. :  [History,  World  Wsr  HI  Medicine — Bontb  Pacific  Area.  pp.  21-23. 
lOCdal  record.] 

*  See  footnote  1  (2). 
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Mat  1. — Filariasls  bancrofti  !□  the  PaeiAc  area — World  War  II. 


e\'acuatioii  in  the  South  Pacific  Area.  A  significant  loss  of  manpower  and  of 
money  resulted  directly  from  the  disease.  The  general  morale  of  troops  within 
an  endemic  area  as  well  as  of  those  who  had  been  staged  in  such  areas  was 
influenced  adversely."  Intense  fear  of  the  disease  by  troops,  almost  bordering 
on  hysteria,  constituted  an  important  military  problem.  Fear  of  elephantiasis, 
of  sterility,  and  of  transniission  of  the  disease  to  their  families,  coupled  with 
the  sight  of  horribly  deformed  natives,  engendeted  this  attitude.  Experience 
and  greater  knowledge  of  the  disease  have  shown  that  these  fears  were 
unfounded. 

The  history  of  two  U.S.  Army  oiganizations  illustrates  the  lose  of  man¬ 
power  which  resulted  from  the  military  experience  with  filariasis.  The  134th 
Field  Artillery  Battalion  and  the  404th  Combat  Engineer  Company  (Separate) 
were  dispatched  overseas  in  April  1942.  They  were  stationed  at  Tongatabu 
from  May  1942  to  May  1943.  The  units  were  sent  to  Townsville,  Australia, 
and  then  to  Woodlark  Island  in  July  1943,  where  they  remsmed  until  January 
1944.  Because  of  the  number  of  men  exhibiting  symptoms  of  filariasis,  the 
units  were  transferred  to  Sydney,  Australia,  and  were  examined  by  the  staff 

*llaterl«  and  Epld«iile  Dlteaiw  0>Dtrt»l  Tralalnc  Manual  No  6.  Haaddoartora.  South  Padflc 
Ar«a  and  Forc«.  Norembar  1044,  aubjact ;  Fllartaata.  BpldanloIoKy.  and  Conttol. 
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T.ari.e  lA. — Attmisstinnn  for  JUttrinjttM  in  ih^  (\S,  Arnttf,  hi/  tht<ttcr  or  area  ontl  ycoKf  lU/fJ  /fS 


(Preliminary  data  haae-l  <)n  Hamiife  tahiiUriona  of  indivMual  iiwilicml  re'XNrla] 
I  HaU  «xnreare<I  a5  ncimher  par  annum  prr  I  ,nmiRVpn«aa  idrenfct  hi 
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( Includes  North  Africa. 

*  Includes  Alaska  and  Icchmil. 

*  Includee  admissions  on  transports. 

Notl.— Tba  itrencths  on  wbirh  tha  rates  «aiu  based  are  mean  strengths  and  aiJl  vary  tbereiore  from  the  ofTtcial 
vtiencth  reports  of  The  Adjutaot  Oeneral. 

Aboolute  tero  is  indicated  by  sero  in  the  units  oolumn ;  0,00  iadio^  a  rate  of  more  than  sero  but  less  than  0.006. 


of  the  llStli  General  Hospital.  A  filariasis  survey  of  the  two  units  revealed 
evidence  of  high  infection  rates:  77  percent  and  73.4  percent,  respectively,  were 
given  as  prelimiiiiiiy  figures,  which  later  were  reduced  to  6.5  and  5.5  percent,  re¬ 
spectively.^  The  Commanding  General  of  the  Sixth  U.S.  Army  recommended 
that  the  134th  Field  Artillery  Battalion  and  the  401th  Combat  Kngineer  Com¬ 
pany  (Separate)  be  returned  to  the  United  States  for  the  following  reasons: 
The  comimt  efficiency  of  the  units  had  been  seriously  impaired;  rehabilitation 
would  extend  over  an  indefinite  ]>eriod  of  time;  the  future  combat  value  of  the 
two  units  was  highly  doubtful ;  and  the  replacement  of  all  individuals  showing 
evidence  of  filariasis  would  result  in  a  state  of  training  far  below  that  required 
for  efficient  combat.'  The  personnel  of  the  organizations  returned  to  the  United 
States  as  patients  in  .Tidy  1944.  When  they  reached  Moore  General  Hospital, 
Swannnnoa,  X.C.,  the  troops  had  been  overseas  for  27  months.  They  had  never 


^Lettfr.  Col.  K.  F.  Brown.  Mf\  llcsdqotrlvni.  ]18tli  G«D«ra)  Honpltal.  to  tfce  CUef  Snrffov, 
Headqiiarten.  U.S.  Army  Borrieet  of  Supply,  Sonthweat  Padfte  Am,  If  Apr.  2M4.  nblect*  Final 
Report  of  FlltrUrii  Surrey  of  CHS  Oflleen  and  Eolfited  Men  Prom  134tb  Field  Artillery  Battalion 
and  173  Ofleera  and  Enliited  Men  From  404th  Combat  Roftneer  Company  (B).  Incloanre  thereto, 
reptirt.  dated  15  Apr,  1M4. 

*  Letter.  Lt.  Oen.  W.  Krueger.  Headquarten.  Sixth  U.S.  Army,  to  the  Commandlnr  General, 
U.S.  Amy  Forcei.  Far  Eait.  S  Apr.  1M4,  auhjeet:  Return  of  134th  Field  Artillery  BatUllou  and 
404tb  Engineer  Compnny  <C)  (Separate)  to  the  United  Statea,  tncloeure  thereto. 
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been  in  combat  and  had  been  liosjiitaliztKl  for  7  months.  Tlie  men  were  con¬ 
fused,  a])ppehensive,  and  discouraged.® 

EPIDEMIOLOGIC  CONSIDERATIONS 

An  elucidation  of  tlie  basic  factors  which  contrihnfed  to  the  occurrence 
of  epidemic  filariasis  is  appropriate.  After  the  Japanese  attack  on  IVarl  Har- 
Iwr,  troops  of  the  Army,  Xavy,  and  Marine  Corps  were  rushed  to  tlie  Samoan 
Defen.se  Area.  The  defenses  hail  to  l>e  set  up  in  great  ha.ste,  and  camouflage 
and  other  defense  considerations  had  high  ]>riority.  The  areas  wliich  had  to  be 
defended  already  contained  native  villages,  ami  some  of  the  military  iiistiilhi- 
tions  wore  placed  in  the  villages  and  camouflaged  to  blend  into  the  Inndscajie. 
The  military  antliorities  would  have  pivferml  to  move  the  native  population, 
but  objections  wore  raised  by  the  island  governments.  The  defense  forces 
were  instnicted  not  to  disturb  the  friendly  relations  existing  lietween  the 
civilians  and  the  military  force.s. 

Since  1900,  the  U.S.  Navy  has  maintained  a  station  on  Tntuila  Island. 
Before  lOl'J,  no  cases  of  filariasis  had  been  rejiorled  ns  occurring  in  military 
personnel  stationed  there,  but  until  then,  the  iniinber  of  Amcririin  ))ersoinie1 
on  the  island  of  coui-se  was  small,  lit  jieacetime,  they  lived  in  screened  tropical 
quarters  in  u  sanitateil  area  at  a  distance  from  native  dwellings.  A  survey  of 
the  naval  station  area  during  the  subsequent  epidemic  revealed  a  low  density 
of  the  filarial  mostjuito  vector,  .Icrfco  HcuteUariK.  None  of  the  specimens  cap¬ 
tured  contained  filarial  larvae.'® 

There  appeared  to  lie  a  lack  of  knowledge  of  tropical  diseases  and  of  a  gen¬ 
eral  plan  for  control  of  iiios<|iiit<K*s.  Individual  jireventive  measures  against 
mosquito  'oites  apparently  were  inadequate."  Malaria  is  not  endemic  in  the 
Samoan  area  so  that  any  fortuitous  protection  from  filariasis  v,-hich  might  have 
resulted  from  malaria  and  mosquito  control  measures  was  lacking. 

The  task  of  prevention  wns  complicated  by  the  problem  of  diagnosis  of 
early  filariasis.  Relatively  few  physicians,  either  civilian  or  military,  bad 
much  e.xperieiice  with  recognition  of  the  early  manifestations  of  the  disease. 
Confirmation  of  clinical  diagnosis  by  Inborntor}’  means  during  the  initial  pha.se 
of  the  infection  is  diSiciiIt  and  in  many  cases  is  not  ]>ossible.  As  a  result,  there 
was  delay  iii  recognition  of  the  »>inlrome  of  filaria.sis  when  it  first  became 
manifest  in  troops.  Many  of  the  men  diagnosed  as  cases  of  filariasis  probably 
were  not  actually  suffering  from  the  disease,  and  the  diagnosis  wns  extremely 
doubtful. 

One  must  give  full  consideration  to  the  fact  that  the  military  activities 
ill  the  Samoan  area  were  initiated  under  conditions  of  urgency  in  which  tactical 


•L«tt*r.  Col.  J.  II.  nirtwi.  Jr.  MC.  ChlrV.  Mr«nl  Sorrier.  Ifoorr  Ornrnl  Hoaplul,  Sms- 
naBtM.  N.C..  to  Thm  8arf«oa  0#i»#nil.  tttn:  Tropic  IXwbm  BrsBrh.  22  Jbm  IMS. 

•ub>ct :  FllarUtlB  !■  tb«  134Ch  F1«ld  ArtUl^rj  BrntulloB  tM  404IL  CoaiMt  KoflMer  CoBipBBr. 
footBAt#  2.  p.  A3. 

“Export  of  MHkml  DeportmoBt  Aedvldot  od  AltttUkl,  Cook  IiUqAb,  27  Juir  1M4.  by  Capt 
T.  D.  EBBtvbom.  MC. 
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defense  measures  demanded  liigliest  priority.  However,  the  nnniber  of  cases 
of  filnriasis  wliich  developed  is  evidence  that  the  hazard  of  tilariasis  was  not 
fully  appreciated  nor  was  it  adequately  iiiiticipated. 

E.vcellent  epitlemiologic  investigations  were  conducted  by  llyrd,  St.  Amaut, 
and  Bromberg.**  Tliey  observed  tliiit  as  high  as  25  i)crcent  of  the  inos<|uito 
.specie.s,  A.  ftmfeUnris  var.  pseud OHcutellaris.  which  were  collectetl  in  the  center 
of  native  villages  in  the  Samoan  area  contained  infective  larvae.  As  collections 
were  made  at  .successively  distant  jwints  from  the  village,  the  iiatunil  mosquito 
infection  rate  dropped  to  zero  at  a  distaiu’e  of  200  yards.  Their  ol>servations 
indicated  that  infected  niosqiiitoes  had  a  short  flight  range  and  did  not  travel 
far  from  the  site  where  they  had  taken  a  blood  meal.  Tliis  suggested  that  the 
degree  of  transmission  might  largely  dei>eiid  upon  tlie  degree  of  intermingling 
of  natives  and  troops. 

Ei)ideniic  tilariasis  occurred  in  i r<M)|)s  only  in  the  South  and  (’entrni  Pacific 
islands  wheiv  the  following  I'onditioiis  obtained;  (1)  Microtihirine  of  the 
parasite  were  “nou-i)erio<rK'”  factually  diurnal),  (2)  the  vector  was  a  day- 
biting  Acde*  inostiiiito  which  was  present  in  considerable  nuiulters,  and  (3) 
there  was  intimate  intermingling  of  infected  natit’es  and  troops.  In  contrast, 
filnriasis  occurred  only  sixtnidically  in  other  Pacific  islands,  such  as  the  New 
Hebrides,  SolomoiLS,  and  New  Guinea,  despite  the  fact  that  a  high  incidence 
of  malaria,  another  mosquitoborne  disease,  was  acquiretl  by  troops  in  these 
islands.** 

CONTROL  OF  EPIDEMIC  FILARIASIS 

The  following  measures  were  taken  to  control  epidemic  filariasis:  All 
units  were  required  to  set  up  a  mosquito  control  organization.  Each  unit 
supplied  enlisted  men  and  a  noncommissioned  officer  who  worked  under  the 
direction  of  a  mosquito  control  officer.  Malaria  control  units  were  diverted 
from  malaria  control  to  filariasis  control.  Insect  repellent  and  insecticides 
were  made  available  in  adequate  supply.  Camp  areas  were  moved  as  far  as 
possible  from  native  villages.  Troops  were  prohibited  from  visiting  villages, 
and  natives  were  excluded  from  camps.  When  the  tactical  situation  per¬ 
mitted,  as  many  troops  as  possible  were  removed  from  the  islands.  It  was 
recommended  that  troops  which  remained  were  to  be  rotated  to  temperate  or 
nonfilarial  islands  after  a  period  of  10  to  12  month's  duty.**  The  precipitous 
decline  in  the  number  of  reported  cases  of  filariasis  in  the  latter  part  of  1944 
indicated  that  effective  measures  were  being  taken  to  prevent  infection  with 
or  to  avoid  exftosure  to  filariasis. 

A  striking  example  of  the  value  of  observing  the  principles  of  military 
•sanitation  wa.s  demonstrated  by  Lt.  Gen.  Thomas  E.  Watson,  U..*^.  Marine 

'’Byrd.  E.  E..  8t  AoiAit.  L.  8..  and  Broabm.  L.:  Stadtea  on  niarlail*  la  th«  Saaoaa  Arm. 
U.8.  Nar.  M.  Bull.  44  : 1-90.  Jaaurjr  1»4S. 

1(11.  I*.  OJI. 

'^Leltcr.  MaJ.  Oaa.  Noraaa  T.  Klrfe.  Tba  Sarfmn  O^Mral.  CT.9.  Amy.  to  tbc  CoUMaadl&v 
Omml.  Soutli  I'adflc  Tkratpr.  atta :  Tbe  Burgvoa.  S  Nov.  1043.  «ub)r«t:  Pilartavta.  rtr»t  Indorav 
■loat  tbvrato.  dated  21  Nor.  1043. 
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oil  the  island  of  L'liolu.  About  90  jiei-cent  of  (he  forces  on  this  island 
were  located  in  a  canii)  around  a  large  airfield.  Natives  were.  ]>rohil)ited  from 
entering  the  military  area.  Ktfer-tive  niosipiito  control  measures  were  carried 
out  in  the  cani|)  area.  Only  ran*  cases  of  filariasis  developed  in  the  men  in 
this  ciiiii]),  and  these  infections  (irolmbly  were  not  accjuired  in  the  ciiinp  area. 
Almiit  10  ]>ercent  of  the  island  garrison  were  stationed  at  defense  positions  in 
the  town  of  Apia  and  at  outlying  radar  posts.  These  tioops  were  located 
near  natives,  and  a  number  of  the  personnel  acquired  filariasis. 

The  tio<)[)s  on  Funafuti  escn|)e«l  filariasis  due,  in  part  and  indirectly,  to 
aerial  attacks  hy  the  Japanese.  The  island  was  Iionibeil  by  tlie.  Japanese 
several  times  soon  after  the  first  American  troops  arrived.  The  initives  were 
moved  to  another  island  8  miles  away  for  their  .safety.  Subsequently,  there 
was  ail  outbreak  of  dengue  fever.  In  order  to  control  this  disease,  u  niosi]uito 
control  la'ogram  was  undertiiken.  I^ater,  when  the  island  was  siirveywl,  not 
a  single  A.  HcutellarU  mosquito  was  found.’* 

Ill  March  1944,  Maj.  James  I.  Knott,  MC.  was  assigned  to  investigate 
filariasis  in  the  Pacific  and  to  make  recommendations  in  regard  to  jireveiition 
and  diagnosis  and  to  inaiiageiiient  of  cases  already  contrncteil.  He  snhinitted 
a  series  of  re|>orts,  which  included  a  review  of  the  filariasis  problem  in  the 
Samoan  area  and  survey  data  on  filariasis  among  native  re.servoirs  of  infec¬ 
tion  on  many  Pacific  islands.” 

Prevention  of  filariasis  was  not  limited  to  the  jii-evention  of  new  infec¬ 
tions.  .V  wise  precaution  was  taken  to  iiiiiiiini/.e  the  |x>s.sibility  of  the  develop¬ 
ment  of  coiiiplioatioiis  which  iiiighl  ivsiilt  from  c.\|»osiirp  to  infection  over  n 
long  perioil  of  time.  Tropical  dis»*ases,  such  as  filariasis,  which  are  liable  to 
p.Micerliatioii  or  serious  aggravation  iqion  reinfection  were  designated  as  dis¬ 
qualifying  defects  for  duty  in  tropical  areas  ’•  and  later  for  any  oversea  area.” 

The  (lisjmtch  of  prisoners  of  war  from  Pacific  islands  where  filariasis  is 
heavily  endemic  to  Hawaii  and  to  continental  Unitetl  States  raised  the  que.stion 
of  the  possible  haxani  of  intriMliictioii  of  the  disease  into  these  noneiidemic 
ureas.  Hetween  June  194.">  aii<l  the  I'cssiUion  of  hostilities  in  August  194ri,  over 
4.000  prisoners  of  war  fisini  Okinawn  were  receive»l  in  the  Hawaiian  Isliiiids. 
Micmliliiria  were  found  in  It!  pen'eiit  of  the  prisoners.*®  It  was  promptly 
m-nmiiiended  that  any  Okinawan  jirisiaiers  of  war  who  had  reached  or  who 
might  reach  those  areas  lie  returned  to  one  of  the  islands  of  the  westeni  Pacific 

S«>««  2.  1>. 

**  2.  p  <K1. 

(II  fctutiicitf  2,  p.  6.1.  Kp|M»rf  im  Fllurlimlii  Riiiirn»ftl  in  th«>  Mllllar.v  Form*  In  tW 

Arm.  10  Aug.  IMS.  hy  UaJ.  Jim  I  Kuntt.  UC  (.1)  Report  un  FlUrlaala  BaarmTII  In  tht 
Marahall  lulandi*  '  K«*porf  of  a  VUlt  tn  Kwiijalrla  24  Aiir  to  N  Hept  1M4I.  b)r  MaJ.  JaMM  1. 

Knott.  Mf*.  t4i  Kopurt  on  Fllartnalii  Ilanrr«iftl  na  tbo  Bolowon  and  New  Hrtirtiira  lalnnda.  2  Doc. 
1M4.  bjr  Maj.  -ftinmi  1.  Knult,  MC.  (S>  Krpnrt  mb  Pllarinadt*  Boorroftl  In  New  Palrdiiala  aad  tke 
Ln/altjr  lidandK,  12  llec.  11M4,  bjr  Maj.  Jantes  |.  Ktmtt.  MC.  <6)  Report  on  PllnrlBala  In  QueraalnnA, 
18  rVr.  IM4.  bjr  Maj.  Janie*  |.  Knot!.  MC. 

t*  War  Tlepartnient  CIrnilar  No.  1H9.  21  .4nr.  IMS. 

'*  War  liepartMenI  tlrciilar  %*•»  2fiS.  II  Nttr.  |04.*> 

^  lllatnrv  (if  Prerentlre  Medirliia.  liead^narteni.  T.lt.  Arm^  Porren.  Middle  FarlAe.  rh.  .’■4. 
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or  to  islands  wliich  are  relatively  uuiiilmbiteu  and  where  intrcaluction  of  the 
disease  would  lx:  of  small  conse(iiieiice.^‘ 

The  existence  of  numerous  {mtential  mosquito  vectors  of  Tf'.  hancrofti  in 
the  continental  United  States  and  in  Hawaii  has  been  demonsti-ated  by  many 
investigators.^*  However,  there  apiieai-ed  to  be  little  i-eason  to  fear  the  estab- 
lishnieiit  of  filariasis  in  the  United  States  by  leasoa  of  I'etnrning  servicemen.” 
The  Army  has  maintained  a  followup  of  men  infected  with  Khiriasis  to  deter¬ 
mine  whether  any  a|)preciable  number  would  show  inici'olilariiie.  in  the  blootl 
at  a  later  date.  Micratihiriae  have  been  found  in  the  i)eriplieral  blood  iii  only 
a  very  few  of  the  infected  veterans.  At  one  time,  lihiriasis  was  frequently 
encountei-ed  in  the  United  States,  having  been  imported  with  slaves  f»-oiii 
West  Africa.  However,  the  disea.se  was  unable  to  perpetuate  itself  in  this 
country  and  disap|)eared  sixaitaneously  about  19i!5.  This  experience  coincides 
with  a  similar  episode  in  Queensland,  Australia,  where  the  disease  was  intro¬ 
duced  by  infected  laborers  from  some  Pacific  islands  and  from  China.  P'rom 
the  past  history  of  filariasis  in  the  United  States  and  in  Australia,  one  can 
predict  that  filariasis  will  not  become  endemic  in  this  country  despite  the  return 
of  infected  niilitury  personnel  from  overseas. 

DEVELOPMENTS  IN  FILARIASIS  CONTROL  DURING  WORLD 

WAR  II 

A  valuable  though  expensive  lesson  in  preventive  medicine  can  be  gained 
from  tlie  military  exiterience  with  filariasis  bancrofti  in  World  War  II.  New 
medical  weapons  for  the  prevention  and  control  of  filariasis  have  been 
developed.  Use  of  the  lessons  derived  from  the  epidemic  of  filariasis  in  troo])s 
and  of  the  new  developments  of  value  for  the  prevention  and  control  «)f  the 
disease  sliould  inilitute  against  a  reiietitioii  of  the  past  military  ex]>erience  with 
filariasis  bancrofti. 


Lfttter.  Col.  Arthur  B.  Wrlah.  IfC.  HeudqutrtMV.  V.B.  Army  Forceu.  Middle  Pacific,  to  The 
Hurfreon  General,  U.8.  Amijr,  3t  Juljr  1945.  lubjcct^  Fllarlaala  la  Oklnawaa  PrlaoBera  of  War.  Flrat 
lodoniement  thereto,  dated  14  Aof.  1949. 

*s(l)  Newton.  W.  L..  Wrfirht.  W.  H.,  aad  Pratt.  I.:  Kipeiimeata  to  l>etemlne  Potential  Ifoaqulto 
Veetom  of  WuekereriM  k»mer*fU  In  the  Continental  United  State*.  Am.  J.  Trop.  Ifed.  29;  29S-261. 
May  1949.  (2)  Scott,  O.  K..  Richards.  C.  S.,  and  SMBaa,  £.  A. :  Espertoientnl  Infectloa  of  Routbem 

California  Ifoequltoec  With  Wmehertrim  hanera/fl.  i.  Paraaittd.  31 ;  195-197.  Juae  1945.  <8) 

Newton.  W.  L.,  and  Pratt.  I. :  Kiperlnwnta  to  Det^mlne  Potential  Ifoaqulto  Vecton  of  Wncherrrfn 
hmmcrvfti  In  the  Continental  United  Statea.  Am.  J.  Tr<»p.  Med.  29;  699-709.  September  1946.  (4) 

Nelaon.  K.  C..  Webb.  J.  K..  Bayllae,  M..  and  Starhejr.  G.  S. :  Btndlee  of  filarlmle ;  IteTelopment  of 
Wuckwerim  hnnere/t<  la  Cnlea  fnfnfiie/neetafne  of  Onhn.  Am.  i.  Trop.  Mad.  26:  707-719,  Septem¬ 
ber  1946.  (5)  Ejrlea,  U.  E.,  and  Moat,  II.:  InfeetlTlty  of  Paelhr  Uland  WnrAerrrtn  bmmermfti  to 

Monqnltoea  of  the  United  Statea.  Am.  J.  Trop.  Med.  27  :  211-290.  March  1947. 

*>(1)  Comeahnll,  L.  T. :  Fllarlaala  In  the  SerrlceMaa  ;  Retroapect  and  Pmapeet.  J.A.M.A.  131  : 
8-12,  May  1946.  (21  McCoy,  O,  R. :  Fllarlaala  In  Military  IVrannnel.  Tmp.  Me«I.  Nrwa  .3  (No.  2i  ; 

4-6.  April  1946.  (3)  McCoy.  O.  R. :  PnhIaC  Health  laipllcatlono  of  Tropical  aad  Imported  Dlaeaaea: 

Imported  Malaria.  Am.  J.  Pub.  Health  34:  19-19.  Jaanary  1944.  C4)  MrToy.  O.  R.  :  Preraiitlona 

by  the  Army  to  Prerent  the  latrodnctloa  of  Tropical  Dlaeaaea.  Am.  J.  Trf»p.  Med.  26:  .381  555. 
May  1946.  (5)  Brova.  H.  W.:  Current  ProMemn  la  FlInHnMa.  Am.  J.  Pub.  H  altb  55:  607  61.3. 
Jane  1945. 
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Se<rrepiitioii  of  troops  from  natives  is  of  extreme  iinportiince  to  avoid 
transmission  of  the  disease  to  military  i)ersoiniel.  Control  of  the  mosquito 
vectois;,  which  may  differ  in  various  areas  in  lejiiird  to  si)ecies  and  to  breeding, 
resting,  and  feeding  habits,  is  requisite.  Mosquito  control  measures  si.ould  be 
direct e<l  not  only  at  the  destruction  of  adult  niosqui*o<>s  but  also  at  the  elimina¬ 
tion  of  breeding  sites  of  tlie  aquatic  .stages.  New  insecticides,  including  DDT, 
which  have,  residual  action  against  adult  inos(|uit(x>s,  have  improved  the  means 
for  niosqiiito  control."^  Field  studies  of  the  effect  of  DDT  residual  house 
spraying  have  l>een  conducted  in  one  endemic  area  of  filariiisis  where  Culej; 
quinqwfiinciatm  was  the  vector.  The  spraying  program  resulted  in  a  i-educ- 
tion  in  the  number  of  mosquitoes,  a  deereiised  filarial  iniection  rnte  of  the 
insect  vector  and  a  fall  in  Imth  the.  iuci<lence  of  ini<'rofilaria-|)ositives  and  the 
number  of  luicrofilnriue  per  case  in  the  DDT-spiiiyed  area.”  N’lnierous  U.S. 
Army  ine<lical  puh|i<‘ntioiis  concerning  the  use  of  DDT  have  l>eeii  ])ul)lished  for 
guidance  (»f  all  coiiceriied  with  disea.se  ve<-tor  control.'*"  Improved  inoMjnito 
repellents  afford  more  effective  prote<-tion  of  troops  against  the  biU*s  of  mos- 
(jiiitoes.-'  Individual  aerosol  insecticide  disiwnsers  and  mobile  aerosol  gener¬ 
ators  should  facilitate  the  destruction  of  adult  inos(|nilo  vectors  and  increase 
the  protection  of  troops  from  filarial  infection.  .Vdecpiate  si*reening,  use  of  bed 
nets,  and  wearing  of  full-length  clothing  are  of  obvious  value, 

Iteceiit  evidence  has  been  presented  which  indicates  that  transmission  of 
tilarin.sls  in  American  Samoa  may  Ih*  primarily  in  the  hush,  along  the  trails,  and 
in  the  plantations.  The  pos.sible  role  of  these  types  of  environments  in  other 
Pacific  islands,  where  this  same  infection  and  same  mosquito  vector  occur, 
should  be  considered  in  relation  to  prevention  and  control  of  this  disease. 

The  discovery  that  Hetraznn  (dietliylcarbamaz.iiie)  causes  a  reduction  or 
complete  disap|>earance.  of  microfilariae  from  ]>eripheral  blood  may  offer  a 
valuable  new  a])proach  to  the  control  of  filariasis.**  Field  trials  of  Hetrazan 
for  the  control  of  filarinsis  have  shown  that  .significant  reduction  in  total  micro- 


**(1)  Andrews.  J.  M..  and  Simmons,  8.  W.  r  Derplopmenta  In  tb^  Uw  nf  thp  N'nwer  OrcAitlc 
InnectlcldaB  of  Public  Ilcaltli  Importance.  Am.  /.  Pab.  Health  S8 :  613-631.  May  1048.  (2)  Andrewn, 

J,  M. ;  Adrandnc  Frontlrrs  In  loaect  Vector  Control.  Am.  J.  Pub.  F-'sHb  40;  408-416.  April  lOAO. 
<3)  Ilinmrn.  E.  11.:  Public  Health  IntereaU  In  Inaectldden.  KepellentR.  Eodentiridee  and  Herhtctdeit. 
Proc.  Hoiitli.  Branch.  Am.  Pub.  Health  A.,  pp.  8-17.  April  11M8. 

”(1)  Kohler.  C.  R. :  Fllarlaida  Control  by  DI>T  Residual  House  Spraylni;.  Saint  Croix.  Vlrjrln 
Ulnmls;  1.  Operational  As|iects.  Pub.  Health  Rep.  64:  897-862.  July  1848.  (2|  Brown,  H.  W.,  and 

Wllllamn  H.  W. :  Fllaiiasis  Ctmtml  by  HDT  R**M|<lual  House  SpraylnK.  St.  Croix,  Vlrjrln  Islands;  11, 
Reeiilts.  Pub.  Health  Rep.  64  :  863  873.  Jnly  1848. 

»(1)  War  Department  Technical  Bulletin  tTB  MED)  142.  February  1845.  (2)  War  Depart 

ment  Technlrsl  Bulletin  <TB  MEr>>  llO.  29  Oct.  1844.  I.l)  War  iVfitirtwent  Technical  Bulletin 
(TR  MKI>)  184.  17  Aug.  1845.  14)  War  Defiartment  Technical  Bulletin  (TB  MKD)  14.  3  Mar. 

1044.  (31  War  Hepartnent  Technical  Hnlletln  ITB  MKI»  164.  June  1845.  (6;  War  Department 

Technl«<sl  Bulletin  iTH  MEfM  1N2.  July  184.5 

”  Knlpllng.  E.  F..  and  Dove,  W.  E. :  Recent  InreattgaBona  of  Inaeetlcldea  and  Repellentn  for 
tbe  Armed  Forces.  Bull.  War  Med.  9  :  776.  Augaat  1849. 

»  bantlago-SteTenson.  D..  OllTer-OonsdIea.  J..  and  Hewitt.  R.  1. :  Treatment  of  FParlaalo  Ban¬ 
croft!  With  l-DletbylcarbaniyI-4-liethyIplpernsti>e  Hydrochloride  (’’Uetraan**).  J.A.M.A.  135  :  708- 
712.  Norember  1847. 
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lilaremia  and  of  microfilaria-positives  follows  the  use  of  the  drug.”  As  a 
result  of  therapy,  the  rate  of  infected  mosquitoes  was  drastically  reduced.  Use 
of  Hetrazan  may  prove  to  be  an  exti’emely  valuable  adjunct  measure  for  the 
prevention  and  control  of  iilariasis  bancrofti.  Treatment  of  infected  natives 
which  would  constitute  a  reservoir  and  potential  source  of  infection  for  troops 
may  now  be  considered  as  a  possible  means  of  reducing  transmission  of  fi!a- 
riasis  bancrofti. 


*(1)  Hewitt,  Rm  Kenney.  U.,  Chan,  A.,  and  Mobamed.  11.:  Pollow-up  Obaervatlona  on  the 
Treatment  ot  Bancroftlan  Fllarlaaia  With  Uetrasan  In  British  Galana.  Am.  J.  Trop.  Med.  30 :  217-237, 
March  1*^50.  (2)  Hewitt,  R.  1..  White,  Hewitt.  D.  B.,  Hardy,  8.  M.,  Wallace.  W.  8..  and  Andjie. 
R. :  Th<  Flrat  Tear’s  Results  ot  a  Masa  Treatment  Program  With  Hetraaan  for  the  Control  trf 
Bancroftlan  Fllarlaaia  on  St.  Croix,  American  Virgin  lalanda.  Am.  J.  Trop.  Med.  30;  4'«3-4S2. 
May  1950.  (3)  Maldonado.  J.  F..  Morales,  F.  J..  Herrera,  F.  V.,  and  Thlllet.  C.  J. :  The  Role  of 
Hetrasan  In  the  Control  of  Fllarlasls  Bancrofti.  Puerto  Rico  J.  Pub.  Health  Ic  Trop.  Meu.  25 : 
201-200,  March  1050. 


CHAPTER  VI 


Leishmaniasis 


Henry  E.  Meteney,  M.D. 

The  two  general  types  of  leishmaniasis,  cutaneous  and  visceral,  are  entirely 
different  clinically,  and  somewhat  different  in  geographic  distribution.  Their 
occurrence  in  the  U.S.  Armed  Forces  during  World  War  II  is,  therefore,  pre¬ 
sented  separately. 

CUTANEOUS  LEISHMANIASIS 

Cutaneous  leishmaniasis  includes  two  main  clinical  forms:  Oriental  sore, 
caused  by  Leishmania  tropica  and  occurring  in  the  Old  World,  and  the  mucocu¬ 
taneous  form  caused  by  Leishmania  brazUiemii  and  occurring  in  tropical 
America.  The  two  forms  are  not  tabulated  separately  in  the  tables  which 
follow,  but  it  can  be  assumed  for  practical  purposes  that  only  those  cases 
admitted  to  installations  in  Latin  America  were  the  mucocutaneous  form. 

Table  16  presents  the  recorded  incidence  of  cutaneous  leishmaniasis  among 
U.S.  Aimy  nctive-duty  personnel  by  theater  and  year  of  admission,  1942-45, 
based  on  .sample  tabulations  of  individual  medical  records  by  the  Medical 
Statistics  Division,  Office  of  The  Surgeon  General.  It  includes  only  inpatients 


Table  16. — Incidence  of  cutaneous  leishmaniasis  {includinp  mucocutaneous)  among  U.S.  Army 
active-duty  personnel,  by  theater  or  area  and  year, 
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and  is,  therefore,  an  nnderestimate,  because  most  cases,  at  least  in  the  Middle 
East  theater,  were  treated  as  outpatients.  This  will  Ije  ])resented  in  detail  in 
this  chapter.  Cases  were  recorded  from  all  theateis  of  oi>erations  except  North 
America  outside  the  United  States.  Since  cutaneous  leish.nnnniasis  is  not  known 
to  be  endemic  in  the  Southwest  I’acitic  or  (’eiitral  and  South  Pacific  Areas, 
cases  recorded  from  those  aieas  either  were  ar’quired  elsewhere  or  were 
erroneously  diagnosed.  The  accuracy  of  the  data  from  other  theater!  may  also 
have  been  affected  by  trooj)  movements,  long  incubation  jierioils,  and  tlie  diffi¬ 
culty  of  diagnosis  under  military  conditions. 

Table  16,  presenting  statistics  based  on  hospital  records  (WD,  MD  Form 
86ab),  shows  only  4:17  cases  of  cutaneous  leisliiniiniasis  occurring  in  U.S.  Ainiy 
])ersoiinel  in  all  thcatei-s  .and  areas  during  tlie  (leriod  1!»  12-45,  and  shows  that 
the  largest  numlier  of  cases  occurred  in  the  Middle  East  theater  of  operations. 
As  stated  in  the  preceding  paragraph,  these  figures  are  known  to  be  far  too  low. 
A  more  accurate  indication  of  the  total  numlier  of  ci>si>s  and  their  iiredominnni 
concent  lilt  ion  in  the  Miildle  East  theater  are  given  in  table  17  which  is  taken 
from  the  Essential  Technical  Medical  Data,  Persian  Gulf  Command,  for  De¬ 
cember  1044,  dated  19  January  1945.  The  explnnation  of  the  manner  in  which 
these  statistics  were  collected  is,  in  the  woids  of  the  chief  of  the  Medical  Branch 
of  the  Persian  Gulf  Command,  as  follows: 

LeiahnianwaM. — Early  In  tbc  month  It  was  notea  that  the  ri  pnrtca  eases  of  this  illsensi* 
on  the  Statistical  Health  Report  Form  80»b  were  loo  low  In  comparison  to  the  number 
of  cuNes  that  were  tielng  treiite<l  In  the  AhvAs  area.  iDTestlaatlon  revealed  that  many 
cases  were  being  treated  on  an  outpatient  status  and  were  not  being  carded  for  record 
only  so  that  they  would  Ik*  picked  up  on  the  80ab.  Instructions  were  lmme<)latel>  Issued 
that  ail  of  these  cases  so  treated  would  be  carried  and  reiiorted.  In  addition,  all  medical 
Installations  were  to  check  their  out|>atlent  records  and  submit  to  thb  office  a  report  by 
months  of  canes  so  treated  but  not  previously  reported.  These  reports  have  lieen  rccelveil 
and  consolidated  in  this  office  and  the  following  table  [table  17]  lists  the  total  cases  of 
this  disease  sinee  October  1943 : 
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Tlie  |x*iik  iiites  in  November  ami  December  194.1  iind  Jaimary  1944  ocriiri’cd 
from  2  to  '.I  inoiitlis  after  tlie.  end  of  tlie  season  in  which  tliere  was  tlie  frreatest 
abundance  of  sandflies  {PhleboloiiiiiH)  }  It  was  ladievcd  that  most  of  the  cases 
had  been  coin racted  in  the  vicinity  of  Ahva/.,  a  town  on  the  Kavhn  Kiver  near 
the  hea<l  of  tlie  Persian  Gulf.  The  accnnicy  of  diafrnosis  of  these  cases  is  as¬ 
sured  bj’  the  report  of  Rail  and  Kyan”  on  499  cases  at  the  lllth  General  Hos¬ 
pital,  ill  all  of  which  Leishvunila  weiX!  deinonstratwl  in  stained  smears  from 
lesions.  All  except  two  of  these  cases  weiv  in  I'.S.  Army  ])erso’>nel.  All  e.xcept 
27  w  re  treated  as  outpatients.  Rail  and  Kyiin  cnlciilnled  that  the  incubation 
period  varieil  from  10  days  to  0  wwks.  Rwaiise  some  of  their  cases  had  proved 
lesions  within  1  days  after  arrival  and  had  spent  about  a  month  in  India  and 
10  (lays  ill  transit,  they  assumed  that  these  eases  had  originated  in  India.  The 
number  of  lesions  per  jiatieiit  viiriwl  from  1  to  29  with  an  average  of  4.3.  Since 
soldiers  often  slept  naked,  lesions  occurred  on  all  jiarfs  of  the  lx>ily  including 
.'iiigei-s,  toes,  and  penis. 

VISCERAL  LEISHMANIASIS  (KALA-AZAR) 

Table  18  pivseiits  the  incidence  of  kala-aznr  among  U.S.  Army  active- 
duty  pei'soiinel  by  theater  and  yetir  of  udinissioii,  1942-45,  based  on  sample 
tabulations  of  individual  inpatient  medical  records.  The  data  are  probably 
fairly  accurate  since  kala-azar  is  a  severe  clinical  disease  requiring  hospitaliza¬ 
tion.  All  of  the  known  cases  acquired  the  infection  eitlier  in  the  western  Metl- 
iterraneaii  area  or  in  India,  in  or  near  Calcutta.  Most  anil  Lavietes  ’  reviewed 
30  of  tlie-se  cases  which  received  treatment  or  followup  examinations  at  Moore 
General  Hospital,  Swuunanou,  N.C.  Of  these,  15  liiid  originated  in  India  and 
15  ill  the  Mediterranean  theater.  Of  the  latter,  14  had  rented  in  North  Africa 
and  Italy,  or  in  North  Africa,  Italy,  and  Sicily  long  eiiongli  before  the  oii.set 
of  symptoms  to  liave  acquired  the  infection  in  any  one  of  these  areas.  One 
case  was  apparently  contracteil  at  Nice.  In  other  cases,  the  men  had  slept,  in 
lii'^s  or  trucks  in  or  near  native  villages  in  North  Africa.  Among  the  cases 
from  India,  two  (Ns-iirred  in  officers  who  had  shami  an  ii]>artinent  in  ('’ali-ntta, 
and  three  others  in  a  com]iany  .jiiartcriHl  iit  an  airbase  on  the  outskirts  of 
Calcutta. 

The  shortest  known  iiiciilmtion  (leriod  recorded  by  Most  and  La  ietes  was 
12  weeks,  and  the  longest  was  in  a  veteran  wIm  left  the  Mediterruneau  eiideniic 
area  19  months  before  tlie  onset  of  symptoms.  A  considerable  nuinlier  of 
patients  did  not  develop  symptoms  until  after  they  had  left  the  endemic  area, 
and  a  few  not  until  after  they  had  been  direharged  from  military  .sendee.  In 
two  cases  which  resisted  all  foniis  of  cheiiiotheni|i.v.  splene«“toiny  was  per- 

*  MoDthlj  SftBlUirr  Repfiit.  l^rplia  Gulf  rommaiid.  4  Jaa. 

3  Ball.  D.,  aa4  Kyaa.  K.  C. :  CacanemuH  LHvImwiilaals.  Bull*  C.8.  4rai]r  y.  IVpt.  7fi :  «.*!  7::. 
Augaat  1944. 

*  Voat.  11..  tad  lATlftw.  I*.  H. :  KaU'Aur  la  Aa^rlcaa  Milltarr  PruK^oad:  R^rl  «f  30  Caaat. 
Hedld  9  36 :  321-284.  Aeplcaibrr  1947. 
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Table  18. — Incidtnct  of  vitctral  leishmaniooit  among  U.S.  Army  aetivf-duty  personnel, 
by  tKeaier  or  area  and  ye*fr, 


(PitUmiiiArr  dftU  hsssd  <m  t&mple  t^alMkNii  of  individual  medical  records] 
(RaUeipfeased  ai  number  of  cam  per  annum  per  1.000  average  strength] 


Theater  or  Am 

1942-45' 

1944 

1945 

Number 
of  Caere 

Rate 

Number 
of  cases 

Rate 

Number 

of  cases 

Rate 

Continental  I'nited  States. . . 

11 

a  00 

5 

0.  00 

5 

0.  00 

()vi‘n«‘aH : 

('hina-Hurnia-Iiidia 

.14 

0.  08 

9 

0.  05 

25 

0.  11 

Mediterranean’ . . . 

13 

.  01 

:  » 

.  01 

5 

.  01 

Middle  East.. . . 

1 

.01 

1 

.  02 

0 

Central  and  South  Pacific. ... 

1 

0.  00 

1 

0.  00 

0 

<  Hhcr _ ...  . . 

0 

-  -■ 

0 

0 

Total  overseas . 

4!l 

0.  00 

19 

0.  00 

30 

0.  01 

Total  Armv . . 

60 

0.  00 

24 

0.  00 

35 

(1.  00 

I  Only  one  case  of  vlseemi  lelshmiuiiasis  was  reported  during  1043-43;  the  case  was  admitted  In  continental  Tnited 
States  In  1912. 

) Includes  North  Africa. 

Kmc  — Abeolute  aero  is  indicated  by  sero  In  the  units  cotumn;  0.00  indicates  a  rale  of  more  than  aero  but  le»  t>iaD 
0.006. 


formed.  One  of  the  [)atients'*  was  in  good  health  after  splenectomy  without 
furtlier  cliemotliera[>y.  The  other  (mtient  died  13  inoiitlis  after  splenectomy, 
which  was  5  years  and  3  months  after  the  initial  diagnosis,  with  repeated 
courses  of  clieniothera[>y.‘  LeUhmania  were  still  demonstr  ible  in  the  organs  at 
autopsy.  All  otlier  known  cases  apparently  were  cureil  after  one  or  more 
courses  of  cheniothei-ap}'. 

TRANSMISSION 

The  rectors  of  LeUhmania  are  known  to  be  various  species  of  the  sandfly 
Phlehotomut.  Phi«hotom.u$  papatatii  luus  been  incriminated  in  the  transmission 
of  oriental  sore  in  the  Middle  Kast  and  PUebotonius  argentipes  in  the  trans¬ 
mission  of  kalm-azar  in  India.  Epidemiclngiral  and  entomological  studies  by 
Hertig  and  others,  during  World  War  II,  showed  that  P.  papateuii  was  con¬ 
stantly  associated  with  outbreaks  of  sandfly  fever  amongst  U.S.  Army  troops 
in  the  Middle  East  and  in  Sicily,  and,  at  the  same  time,  experimental  studies 

J.  U.,  Bowert,  E.  F.,  iBd  Uae4i€k«,  T.  A.:  VUcwral  MihaanUtlt  Conpllcaled  by 
Anemia  Inprarenicat  Fallowing  Bplenactowiy.  Am.  i.  Trop.  Me«l.  27 .  BPB-TOB.  November 

1M7. 

■  Paraoul  coMmaaleatiaa,  Harr/  Hu«  M.D..  rraftiapr  af  PrareatlTa  Madlelaa.  New  Tork  UbI^ 
varaltjr  CalK^ce  of  Medicine,  to  Hear/  E.  Kalene/,  M.D.,  Kcaaarch  Profawor  of  Medldae,  LooSeUu 
Bute  Umlv<.-ralt/.  Beboal  af  Medlelae.  22  v.;.  t9b5. 
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by  Sabin  and  associates  proved  that  /’.  papatoutii  was  cu]>able  of  trati‘',initting 
tlie  virus,  while  certain  mosquitoes  were  unable  to  do  so.  (See  pp.  119, 121  and 
pp.  142, 148.) 

Reservoir  hosts  probably  play  an  important  part  in  miiintuining  Leinh- 
mania  infections  in  certain  areas,  wild  rodents  for  oriental  sore  in  the  Middle 
East,  and  dogs  for  kala-azar  in  the  Mediterranean  region. 

PREVENTIVE  MEASURES 

No  special  measure.s  of  control  were  emp]oye<l  against  leishmaniasis, 
although  measures  taken  against  sandfly  fever,  which  was  very  prevalent  in 
the  Persian  Gulf  Command,  were  umlonbtedly  effective  in  the  prevention  of 
leishmaniasis.  These  measures  consisted  of  the  use  of  the  sandfly  net  (30 
meshes  to  the  linear  inch),  insect  repellent  (Rutgers  C12  (2-ethyl-l, 
3-hexanedio1),  dimethyl  phthalate,  and  Indalone  (butopyronoxyl),  or  a  mixture 
of  the  three),  pyrethrum  spray.s,  the  Freon-pyrethrum  Aerosol,  and,  beginning 
in  1944,  residual  spraying  with  DDT.  It  is  probable  that  the  use  of  these 
measures  was  responsible  for  the  lower  incidence  of  oriental  sore  in  the  Persian 
Gulf  Comniand  daring  the  last  few  months  of  1!>44. 

Hertig  made  exiteriiiiental  studies  of  Phhhotomus  control  with  residual 
DDT,  fiisit  with  Fairchild®  in  Peru  in  1943-44  and  later  with  Fisher’  in 
Italy  and  Palestine.  It  was  found  that,  because  the  Phlehotomus  flies  in  short 
hops  with  long  pauses,  it  was  possible  to  protect  inhabitants  of  buildings  by 
spraying  the  insides  of  rooms,  all  openings,  and  the  outer  walls  for  a  foot  or 
two  around  the  o|)euiugs.  Results  of  experiments  in  tents,  though  incomplete, 
indicated  comparable  result.s.  Area  c<introl  within  a  iiidiiis  of  100  to  2<'>0  yanls 
of  habitations  was  obtained  bj’  spraying  structures  such  as  loose-laid  stmie 
walls,  which  sen’e  as  breeding  or  resting  places,  and  places  where  Phlehototmu 
would  alight  in  flying  toward  a  blood  meal. 

A  survey  by  Hertig*  in  Greece,  Crete,  and  Italy  in  1949  indicated  that 
residual  DDT  spraying  for  the  control  of  malaria  had  reduced  Phlehotomu* 
tremendously. 

The  ease  with  which  Phlehotomut  can  be  prevented  from  biting  man  in 
permanent  installations  by  residual  DDT  should  make  this  procedure  the 
principal  means  of  protection  against  this  insect  in  future  military  operations. 
Application  of  DDl'  on  18-mesh  bed  nets  should  obviate  the  necessity  for  the 
special  sandfly  net.  Insect  repellents  will  still  lie  useful  where  other  measures 
are  unavailable. 


M.,  aod  FalreWld,  O.  B.  :  Tb«  Coatrol  of  Id  Prra  Wllh  1»DT.  Am.  J.  Trop. 

Mod.  28  :  207>23O.  Marrli  IMK. 

’  Uortic.  M..  and  FIsker.  K.  A.:  Control  of  Snndflln  With  DDT.  Bull.  V-R-  Armjr  M.  Dopt.  M: 
§7-101.  M«/  1§4S. 

*H«rtlK,  M. :  Phlobotonini  and  R»»idiial  DDT  to  Ororrr  and  IU1>'.  Am.  J.  Trop.  Mad.  29: 
773-800.  SrptMiber  1040. 


CHAPTER  VII 

Plague 

Karl  F.  Meyer,  M.D.,  and  Oliver  R.  McCoy,  M.D. 

Tlie  liistory  of  plague  calls  attention  to  the  unpleasant  truth  that  for 
centuries  the  waging  of  wars  has  contributed  to  its  rise  and  spread.  The 
plague  of  Moscow  in  1771  was  directly  related  to  the  return  of  Russian  troops 
infected  by  Turkish  prisoners  of  war  as  early  as  1769.  At  the  beginning  of 
the  19th  centuiy,  plague  still  lingered  in  the  I.iovant,  and  Egyptian  troop 
movements  imported  it  in  1829  into  Greece. 

During  the  wars  of  the  past  50  years,  however,  plague  has  played  a 
negligible  role.  It  did  not  occur  among  U.S.  Army  personnel  during  World 
War  II,  even  though  plague  infected  civil  populations  in  the  vicinity  of  troops 
in  the  Azotes,  Africa,  and  the  Middle  and  Far  East.  There  were,  however, 
in  the  British  Middle  East  Force,'  20  cases  of  bubonic  plague  with  5  deaths  ( 19.2 
percent)  involving  12  Indians,  6  East  African  natives,  5  British,  1  Italian, 
1  **  Cape  coloiived,”  and  1  European  Jew. 

PREVENTIVE  AND  CONTROL  MEASURES 

Military  operations  tocdc  American  troops  to  regitms  where  the  risk  of 
plague  was  extensive  and  constant  They  encountered  both  the  endemic  and  the 
epidemic  form.  The  extent  of  plague  in  areas  occupied  by  military  personnel 
will  be  described  in  general  terms,  and  the  procedures  of  control  will  be  brielly 
outlined. 

An  energetic,  attack  on  plague  in  the  civilian  populatiims  of  the  areas  where 
the  soldiers  were  compelled  to  live  was  adopted  aa  a  g«teral  polity.  Army 
medical  officers  were  able  to  aj^ly  new  methods  of  control  msde  possible  by 
discoveries  in  allied  fields  during  the  war.  Traditional  plague  control  directed 
against  the  animal  reemroir,  the  rat,  by  coe^etk  trapping,  poisoning,  elimina¬ 
tion  of  their  breeding  plaoee,  and  curtailment  of  their  food  supply,  was  grad¬ 
ually  dHiplared  1^  flea  disinfestation  of  premises  and  persons  with  the  insecti¬ 
cide  DDT.  The  Prevenrive  Medicine  Service,  Oflke  of  The  Surgeon  General, 
made  its  greatest  contribution  to  tbs  control  of  plagne  by  applying  for  the 
first  time  this  new  ai^roach. 

•Mackar-ntck.  J.:  BrM  Mtrtrt  w  M  Cuw  W  Brt—le  Ptam  WItk  Xmlti  tt  Traatanat. 
J.  Bajr.  Sraif  M.  Cates  S8 ;  lOi-108,  SiXfMr  IMS. 
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Zone  of  Interior 

Periodic  exacerbations  of  endemic  rat  plague  in  1043  and  1044  in  the  port 
of  Tacoma,  Wash.,  offered  a  chance  for  the  spread  of  infection.  The  perma¬ 
nent  endemic  of  sylvatic  plague  in  the  area  of  the  Ninth  Service  Coiiuuand 
was  recognized  as  another  possible  source  of  danger  to  troops.  Itodent 
control  measures  carried  out  in  close  cooperation  with  the  UJS.  Public  Health 
Service  and  the  liealth  departments  of  the  various  States  minimized  these 
potential  hazards.  Field  studies  conducterl  by  the  staff  of  the  George  Williams 
Hooper  Foundation,  San  Francisco,  Calif.,  incident  to  these  control  measures 
led  to  valuable  ecologic  observations.  It  is  not  generally  known  that  pools 
of  fleas  and  organs  of  rats  (Rattm  norvegievs)  were  systematically  tested, 
particularly  in  the  western  seaports,  and  that  latent  plague  was  discovered 
in  these  specimens  in  the  City  of  San  Francisco,  Oakland,  and  near  Richmond, 
Calif.  (1343),  and  Tacoma,  Wash.  (1342-44).  Ectoparasites  or  tis-sues  from 
rodents  at  Fort  Cronkhite,  Camp  Mendell,  and  Fort  Baker,  Marin  County, 
Calif.  (1342),  at  Fort  Ord,  Calif.,  and  tlie  Hunter  Liggett  Military  Reserva¬ 
tion,  south  of  Salinas,  Calif.,  and  near  Gowen  Field,  Idaho,  carried  the  plague 
bacillus.  Extensive  wild  rodent  surveys  conducted  by  the  California  State 
Department  of  Public  Health  during  1342  demonstrated  new  pockets  of  syl- 
vatic  plague  in  counties  not  previously  known  to  be  infected  and  frequently 
located  in  the  vicinity  of  airfields  or  ammunition  storage  places.  New  foci  of 
wild  rodent  plague,  rodent  hosts,  and  flea  vectors  were  uncovered  by  the  Plague 
Suppressive  Service  of  the  U.S.  Public  Health  Service  in  Montana,  Wyoming, 
Colorado,  North  Dakota,  and  New  Mexico.  Intensive  and  thorough  traditional 
control  measures  through  poisoning  as  a  rule  reduced  the  rodent  population 
to  a  low  level  and  greatly  diminished  the  risk  of  infection. 

The  incidental  observation  was  made  that  in  followup  studies  at  Foit 
Cronkhite  during  October  1942  latent  tularemia  infection  was  discovered  in 
rats  (R.  norregiciu),  harvest  mice  (3/icrotu»  ralifomicw),  and  field  mice 
(Prromgucfu  manirMla/un).  Although  the  rodents  were  present  in  casemstes, 
clinical  infections  in  man  were  not  evident.  This  apparent  low  commimi- 
cability  is  of  interest  in  view  of  the  report  on  tularemia  among  Geiman  troops 
during  the  siege  of  Stalingrad.' 

The  Fort  Ord  epizootic  sylvatic  plague  area  yielded  many  pools  of  infected 
fleas  and  diseased  squirrels.  In  1042,  burrows  were  thoroughly  treated  with 
carbtmbisulfide,  thallium-coated  grain,  and  sine  phosphite  poison.  In  additioD 
to  this,  the  area  was  freed  of  squirrels  by  shooting  during  a  period  of  6  months. 
Through  ^lendkl  cooperation  with  the  military  authorities,  the  Califonua 
State  Department  of  Public  Health  and  the  George  Williams  Hooper  Founda- 


*B>anrfOff(T.  L.,  Stifefe,  W..  iMl  KaMrt,  R. :  Ct«T  San  .tafretn  wa  TalarlailtcilkraakaasMi 
aa  4cr  Oatfroat.  Ont.  MIIMlratt.  T;  OM  ITS.  RwWr  1S4Z.  I2>  Oavda,  P..  aad  Kalrtea.  A.: 

tTatmaekBBaaa  aar  neMaalaitsla  aad  DIacaaaUk  dar  TalariaUa.  DNt.  lOUHiant.  <;  SS-JS, 
Jaaaair  IMA  (S)  SeteMt.  B.;  Dtr  Zlakrack  dar  TalaidMla  la  Earaea.  Ztaekr.  t.  Bn.  1. 
latakUoaakr.  IST ;  IIS-IM.  f  laa.  IMT. 
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tioii  were  able  to  make  detailed  ecologic  studies  and  record  relevant  useful 
observations. 

During  March  plague  was  iiiie.Ypecte<Ily  discovered  in  harvest  mice 
{Ai.  califoniicus).  These  rodents  liatl  apparently  taken  over  the  fimetion  of 
the  reservoir  hosts  and  thus  maintained  the  infection  while  tlie  squirreb  hilier- 
nated.  Similnr  ecologic  adjustments  incidental  to  the  emdicative  measures 
directed  primarily  against,  the  squirrel  (Ottellu*  hi'ceheyl)  were  encountered 
at  the  Hunter  Liggett  Militai^  lieservation  and  other  areas  in  California. 

In  September  and  Octolier  1942,  I‘a$teurdla  peatis  was  fouinl  in  fleas 
collected  from  rats  trapped  on  tlie  waterfront  of  Tacoma.  Vigorous  orthodox 
control  measures  were  instituted  by  the  U.S.  Public  Health  Service  against 
a  heavy  rat  population,  and  plague  was  found  in  rats  in  that  area  for  the  last 
time  in  this  epizootic  in  May  1943.^  However,  after  nearly  a  year  and  a  half 
of  testing,  during  which  8|iecimena  were  not  positive,  infection  was  again 
reported  in  October  1944  in  fleas  and  subsequently  in  tissues  from  rats  and 
mice.*  The  last  reported  positive  specimens  were  collected  in  December  1944. 

Although  the  exact  origin  of  rodent  plague  in  Tacoma  has  not  been 
determined,  inductive  evi<leiice  strongly  incriminated  griiin  shipments  from 
localities  of  eastern  Washington  known  to  be  foci  of  sylvatic  plague.  The 
original  jKisitive  specimens  were  taken  from  an  area  heavily  infested  with 
rats,  where  railway  cars  filled  with  grain  were  unloaded.*  The  transfer  of 
plague  from  forest  rodents  to  tlmee  that  inhabit  mane  living  areas  has  recently 
been  definitely  proved.* 

Finally,  toward  the  end  of  World  War  II,  vessels  coming  into  New  York 
from  foreign  ports  were  heavily  infested  with  rats.’  The  usual  vigilance  over 
rat  infestation  in  war  zones,  which  liad  banished  shipbome  plague  between 
1935  and  1940,  had  apparently  been  duigerously  relaxed.  Although  it  was 
suspected  that  the  French  steamritip  Wyommy  from  Casablanca,  French  Mo¬ 
rocco,  carried  an  infeed  rat  in  January  1943,  the  infection  did  not  spread  to 
American  ports  through  this  channel.  Proof  was  never  established  that  the 
rat  was  infected. 

Study  and  control  measures  in  the  United  States,  then,  were  carried  out 
either  cooperatively  or  independently  by  the  Army,  the  UJS.  Public  Health 
Service,  various  State  departments  of  health,  and  the  George  Williams  Hooper 
Foundation.  Control  measures  to  protect  military  personnel  against  plague, 
beyond  the  customary  precautions  in  seaports  and  epizootic  areas,  centered  in 

J.  H..  Kul,  K.  W.:  Altt-SlaKW  VCMSMe  la  Tmotw.  Wuk.  Pi*.  BmI*  l•a• 
M:  Itae-ISM,  »  BapL  1044. 

•  R«aia<«a.  B.  C :  PUsm  IirfrcUM  a«eMt«4  la  tk«  OalM  Stalm  Dirlaa  1»44  »4  aaaiMDr  at 
Ha— a  Ca««^  1444  H.  Pab.  B*al*  loa  « 1S41-1S48. 14  Xar.  1444. 

*  Bm  (oataatB  4. 

<  Hctw.  K.  P.,  aM  HaMnrIfd.  O. ;  Ka4Mita  aa4  Pttaa  la  a  Plaaa*  Ealioatlr  la  •  Xaral  Arm  at 
CalUanfaL  Paarto  Uea  J.  Pak.  Baaltb  >4 :  Ml-iaa.  Muck  1444. 

'(1)  Okata,  K. :  laertaat  at  Bat  lataataUaa  aa  Taaaala  Coalaa  ta  Ham  Tark.  Pak.  Baaltk  Baa. 
44:  1244-1444,  1  Bar.  1444.  <1)  Olaaaa,  WL,  aa4  Btaaa,  J.  L.:  lamaaa  at  Bat  lafeatatlaa  na  Ofl 
Taatori.  Pak.  Hmltk  Baa.  *> :  1244-1441, 2  Mar.  1444. 
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the  destruction  of  rodents  in  and  around  military  bases  in  the  West.  The 
threat  of  plague  originating  in  the  United  States,  certainly  of  no  great  military 
significance  during  the  war,  was  in  all  probability  reduced  by  vigilance  and 
by  decreasing  the  number  of  rodents  in  inhabited  areas. 

Hawaii 

During  1943, 1944,  and  1945,  human  plague  was,  after  a  silent  period  of  3 
years,  again  reported  from  the  Hamakua  District  on  the  Island  of  Hawaii — 
seven  fatal  cases  in  1943  and  seven  cases  with  five  deaths  in  1944.  From  May 
1943  to  April  1944,  the  flea  index  {Xenoptylla  eJieoj»*  and  Leptoptylia  $egiu» 
Schonherr)  rose  from  0.17  to  0.61,  and  infected  ueail  l  ats  (mostly  B.  hmeaivm- 
si»,  few  B.  fwrvegicus)  were  found  with  increasing  frequency;  for  example,  12 
in  February  and  12  in  March  1944.  The  personnel  of  the  Territorial  Board 
of  Health  vigorously  attacked  the  problem  through  a  three-phase  field  pro¬ 
gram.  A  total  of  4,619  persons  were  inoculated  with  the  Army  type  of  plague 
prophylactic.  By  extensive  poisoning  and  gassing  operations  and  community 
sanitation,  rat-free  zones  were  established  in  and  around  the  infected  area, 
while  the  rodent  population  was  held  at  a  low  level  in  the  epizootic  area.  Trap¬ 
ping  operations  were  used  primarily  to  determine  whether  or  not  the  infection 
was  spreading.  The  limited  nature  of  the  outbreak  was  treated  expectantly 
by  the  Armed  Forces.  Air  Force  personnel  and  employees  who  had  occasion 
to  enter  the  Hamakua  District  had  been  inoculated  with  plague  vaccine. 

Azotes  and  East  Africa 

In  1942,  small  detachments  of  n.S.  troops  exposed  to  old,  permanently 
active  foci  of  endemic  plague  (16  cases  in  1^  and  55  cases  in  1945)  in  the 
Azores  around  P«ita  Delgada  and  in  the  District  of  San  Jose  were  included 
in  protective  measures  taken  by  the  British  against  the  spread  from  the  local 
civil  populatimis.*  Military  personnel  were  restricted  to  the  areas  where  rodent 
control  programs  were  in  operation  and  were  immuniased  with  killed  plague 
vaccine  prepared  according  to  the  method  of  Schfitze  at  the  Lister  Institute  in 
Lamdon.  Similar  control  measures  were  taken  in  Kenya  where  the  imtives  had 
suffered  high  loeeee  in  1941  and  1942  (781  and  754  cases,  respectively).  Im¬ 
provement  of  conditioiM  was  rapid;  only  16  cases  occurred  among  the  natives 
during  1943  and  13  cases  during  1944.  The  infection  was  confined  to  the  Rift 
Valley  and  the  Central  Province.  Although  epiaooties  aramig  field  rodents 
had  been  observed,  there  is  no  sure  proof  that  ^Ivatic  plague  was  respmiaible 
for  the  outbreaks.* 


•  SUvaaa,  K. :  SjaoiMli  of  ZpMcBlcs  la  Xorapc.  V.  >ladltcmiiicr.a  Fcalaanla.  ZpIdMlol. 
IifatB.  BsU.  S :  4SS-eoa  Jaaa  lB4a 

•  Kaal,  P.  K. :  Praralaacc  of  Flasw  la  tlM  WorM  la  Bfcaat  Taan.  EpiSanleL  a  Yltal  SuUat 
Xap.  3 : 14>-ias.  Aafoat  lS4t. 
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Dakar 

During  1943,  there  was  a  small  outbreak  of  plague  among  nati\'es  in  the 
area  of  Dakar,  French  West  Africa.  The  airport  of  the  Air  Transport  Com  ¬ 
mand  was  within  the  range  of  wandering  infected  rodents,  a  real  danger. 
Rodent  control  measures  weie  instituted  at  the  base,  restrictions  were  placed 
on  movements  of  U.S.  Army  personnel  in  the  area,  and  permanently  assigned 
personnel  were  inoculated  with  U.S.  Army  plague  prophylactic.  In  addition, 
aircrews  whose  duties  required  frequent  trips  out  of  the  area  were  inoculated 
with  protective  preparations  before  leaving  the  base.'^ 

In  April  1044,  a  case  of  plague  occurred  in  an  arsenal  guard  who  had 
been  occupying  a  guardpost  adjacent  to  the  crowded  harbor  area.  Despite 
the  quarantine  of  the  arsenal  area  and  attempts  at  dismfesintion,  six  addi¬ 
tions!  workers  in  the  arsenal  had  caught  the  infection  by  15  May,  and  by  the 
middle  of  the  summw,  the  incidence  had  reached  alarming  proportions.**  The 
outbreak  from  April  to  November  consisted  of  567  cases,  91  percent  of  which 
were  fatal.  All  patients,  except  one  Syrian  and  three  French  Europeans,  were 
native  Negroes.  Rapid  expansion  of  the  population  due  to  the  war  brought 
about  extreme  congestion,  and  since  there  were  no  sanitary  facilities,  infesta¬ 
tion  with  vermin,  rats,  and  fleas  was  universal  Crowded  housing  conditions, 
daily  intimate  contact  at  the  markets,  and  visiting  were  conditions  ideal  for 
transmission  of  the  infection.  It  was  suspected,  but  not  conclusively  proved, 
that  the  human  flea  Synottemua  palUdu*  Taschenberg  was  the  main  plague 
vector,  sinoe  the  number  of  X.  eheopu,  the  natural  suspect,  was  quite  negligible 
in  native  huts  and  villagea.** 

International  quarantine  measures  at  the  port  were  invoked  by  the  French 
in  the  fonn  of  precautions  against  movement  of  rats  from  ships  in  the  harbor. 
The  UJ3.  troope  in  the  arm  had  been  inoculated  with  the  Army  prophylactic 
againet  the  infectimi.  By  6  June  1944,  it  was  neccmary  for  Army  medical 
oflicers  to  declare  the  entire  city  “off  limits”  for  U.S.  personnel.  Americans 
entering  the  area  on  essential  business  were  required  to  wear  protective  cloth¬ 
ing  sprayed  with  a  flea  npellent.  All  native  employees  were  inoculated  with 
the  avirolent  E.V.  vaccine  and  were  required  to  live  rni  the  poet  and  to  dust 
their  clothing  and  their  h<Hne8  with  DDT  powder.  Those  working  at  the 
UJS.  Army  hospital  were  quartered  in  the  compound  and  were  required  to 
bathe  and  change  clothes  before  work.  Homee  and  offices  of  all  UJS.  per¬ 
sonnel  snd  varioiiB  contract  companies  were  treated  with  DDT. 

The  general  control  measure  used  by  the  French  health  authorities  was 
disinfestation  of  the  houses  and  yards  of  infected  pstients.  Cresol  eolation 

••  (1)  Letter.  Cayt.  Srarttt  W.  Bjaa,  MC,  BtMIqurten,  S«etk  anaatlc  Wlay,  Air  Tnnryart 
flnteterW.  to  Ute  Sareroa,  U.8.  Anay  IWraea,  SaaUI  Atlaatle,  t  Jaly  IMS,  aabject :  Bakaate  rUgm 
ByMttele  at  DIkar.  <S)  MranraiSaw,  OtL  S.  Sayaa  Taaaa.  MC;  AtOat  DIrecter,  PrvraaUra  KMHelat 
OIrlatea.  oncr  at  tka  Sanaaa  Oaateal.  far  CaL  Faal  C.  OUaiaaS.  eatgaea.  Air  Traaafart  CaamaS, 
14  Sayt.  1S4S,  aakjact :  Plagaa  Tacelaatlaa  la  Dakar  aaS  Karrakatck. 

>-Lnrla,  P.  M..  Batklar,  IL  H.,  aaS  Xavay,  T.  B.:  Plafar  la  DIkar.  Ban.  U.S.  Arav  X.  Dapt 
ST :  ll-ie,  April  IMS. 

xKarteuui,  L.:  Oa  tka  DDT  Caatial  at  SpaaatenNu  ysawaa  Taaekaakarg  (Birkaaaytera,  PalM. 
Mr)  la  DIkar.  Saaagal.  Fraack  Waat  Africa.  Aa.  t.  Tray.  Mad.  M:  Ml-MS,  !CorrB*ar  IMS. 
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tu  kill  both  infected  flens  mid  bacilli  was  sprayed  fi-om  a  Kretriick  carrying 
a  tank  of  the  solution.  Next,  the  house  and  tlie  adjacent  structures  were 
senlnl  mid  fiiiiiigateel  with  cliloropicrin  gn.-i.  Kut  burrows  and  debris  piles 
were  destroyed  with  sulfur  dioxide.  This  program  was  siippleinenteel  by 
assistance  from  the  Americans  wlio  d'lsted  homes  and  as  many  natiTes  as 
possible  with  10  percent  DDT  powder  in  pjTophyllite. 

These  focal  or  s|iot  measures  proveil  to  be  maileqiiate.  The  French 
meclical  authorities  thought  that  a  greater  increa:^  in  the  incidence,  of  the 
disease  liad  lieeii  prevented,  tmt  the  Americans  tlini.ght  that  only  ii  compre¬ 
hensive  program,  encompassing  at  least  all  of  the  native  sections  of  the  city, 
could  control  plague. 

laite  in  Octtdier,  after  some  delay,  an  expanded  progr.'ini  was  instituted: 
Mihlina,  the  native  suburb  was  divided  ir.to  zones  and  surrounded  by  a  cordon 
of  200  to  300  gendarmes.  “Outlet  stations”  were  established,  and  all  persons 
leaving  this  area  were  dusted  with  10  percent  DDT  dust.  Inner  cordon 
bloc'ks  enabled  the  dusting  crew  to  dust  the  remaining  ])eople  house  by  house; 
it  was  felt  that  this  system  covered  nearly  95  percent  of  the  population  (about 
125,000  persons) .  Simultaneously  witii  the  dusting  of  people,  treatment  of  the 
floews,  lower  walls,  and  beds  of  the  hcanes,  public  buildings,  and  meeting  places 
with  5  percent  DDT  spray  in  kerosene  was  undertaken.  Subsequent  extensive 
surveys  showed  that  the  flea  populatiwi  had  been  greatly  reduced.  Of  316 
houses  found  infested  uefore  spraying,  all  but  7  wer'  completely  free  of  fleas 
2  weeks  after  treatment. 

Entoirologic  observations  on  the  lethal  action  on  fleas  of  5-percent  solu¬ 
tion  of  DDT  in  kerosene  corroborated  the  Add  studies  at  Dakar.  Where  this 
material  was  sprayed  on  floors  in  craicentrations  of  100  mg.  per  square  fool, 
the  biting  activity  of  adult  fleas  was  inhibited  within  1 0  minutes.  The  residual 
effect  of  both  10  percent  DDT  powder  and  5  percent  DDT  in  kerosene  applied 
to  floors  killed  fleas  for  64  days." 

Further  observations  on  the  control  of  rat  flea  X.  ckeopu  with  DDT  have 
been  reported.  Kats  were  captured  in  buildings  before  and  after  they  had  been 
dusted  with  DDT.  The  flea  index  was  13.6  fleas  per  rat  before  dusting.  One 
month  after  dusting  it  was  0.6;  in  two  instances,  it  was  only  0.2  and  0.5  fleas 
per  rat,  4  months  after  dusting. 

TIm  large  rat  population  was  sampled  during  the  outbreak,  and  of  10,500 
rats  caught  in  wire  traps  by  the  French  authorities,  3,501  were  examined  in  the 
laboratory.  Infection  was  proved  in  65  f?.  norvrgicvt  and  Rntint  olewtmdri- 
fUM  rats.  Of  interest  is  the  fact  that  two  dead  cats  in  the  area  were  found 
to  be  plague  infected. 

The  French  Health  Service  used  trapping  and  gassing  as  a  part  of  a  gen¬ 
eral  rat  control  program.  Around  American  inatallations,  the  program  in¬ 
cluded  poisoning  of  rats.  The  use  of  rat  poisons  in  the  native  sections  was 
abandimed  because  of  tlie  danger  to  children  and  domestic  animals.  The 
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standartl  jirocedure  in  rnt  cnnipnipis  in  the  Dakar  area  required  that  rats  be 
caught  alive  and  drowned  in  ci-esol  to  insure  destruction  of  both  Beas  nnd  mts. 
The  French  authorities  held  the  opinion  that,  if  rats  were  poisoned  in  appre¬ 
ciable  numbers  and  their  carcasses  were  not  removed,  the  flees  would  leave  tlie 
rats  and  go  to  man  as  an  alternative  host.  Consequently,  the  number  of  rats 
destroyed  in  Dakar  during  the  outbreak  was  never  verj-  great.  In  the  light  of 
this  attitude  toward  rat  extinction,  tlie  presnnierl  accomplisbiiieiit  through 
disinsectization  assumes  greater  significance. 

It  is  difficult  to  appraise  the  eflectiveness  of  the  control  program  in  stop¬ 
ping  and  coiiHiiing  the  plague  outbreak  in  Dakar.  Tlie  seasonal  decline  of  the 
disease  had  already  started  prior  to  the  dusting  with  DDT.  The  liLst  two 
cases  of  plague  occurred  on  22  and  2R  November.  This  strongly  suggests  that 
the  number  of  infective  vectors  had  declined  naturally  during  October  pre¬ 
ceding  the  drastic  control  measures. 

An  intensive  vaccination  campaign,  with  the  living  attenuated  strain  E.V. 
from  Madagascar,  was  embarke<l  on  by  the  French  authoritiee.  Ths  vaccine 
was  manufactured  locally  at  the  Pasteur  Institute  in  Dakar.  Over  180^)00 
natives  and  20,000  Europeans  were  vaccinated.  In  many  Europeans,  injection 
of  1  ml.  of  this  vaccine  in  the  scapular  region  produced  severe  symptoms  and 
local  reactions  with  tissue  slough  at  the  site  of  inoculation.  Among  those 
vaccinated  over  a  period  of  15  days,  about  5  percent  of  the  total  cases,  tlie  case 
fatality  rate  was  66  percent,  in  contrast  to  85  percent  in  noninoculated  natives.*^ 

The  French  medical  authorities,  <m  the  basis  of  experiences  with  small 
groups  of  intimate  plague  contacts,  expreseed  the  view  that  early  use  of  sulfa¬ 
diazine  may  serve  as  a  prophylactic  measure  in  future  outbreaks.  During  part 
of  this  experience,  sulfadiazine  was  administered  in  amounts  of  20  gm.  for 
adults  and  6  gm.  for  children  over  a  3-day  period.  Before  chemoprophylaxis 
was  instituted,  19  contacts  became  ill  with  plague.  After  its  use,  the  disease 
developed  in  only  one. 

Eeypt 

An  outbreak  of  potential  worldwide  significance  began  in  1940  in  Port 
Said,  universal  port  of  call  at  the  northern  end  of  the  Sura  Canal.”  A  few 
cases  of  bubcmic  plague  (1  in  1940,  12  in  1941)  precipitated  the  usual  control 
measures  of  that  time,  including  vaccination  of  tlie  entire  Arab  population, 
but  their  effectiveneas  was  inevitably  limited  I7  the  heavy  traffic  through  the 
port.  In  1942,  probably  for  the  first  time.  Port  Said  was  the  victim  of  pneu¬ 
monic  plague  (9  casM).  Diagnoais  of  **fever  of  undetermined  origin”  and 
terminal  bnmehopneumonia  were  made  before  the  true  nature  of  the  disease  was 
recogninsd. 

Li  November  1043,  a  sisable  outbreak  of  plague  flared  up  in  Suez.  By  the 
end  of  the  year,  the  incidoice  had  built  up  rapidly;  897  persons  had  plague, 


»  Bobua,  C  K.  H. :  Babrale  Flagm  la  Dakar.  J.  Bor.  Nmr.  If.  Srrr.  SI :  IBS-ISS,  Jair  IMS. 
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of  w]iom  21)0  died.  The  infection  prevailed  thronph  the  spring  of  1M4  and  by 
the  middle  of  February'  had  added  another  276  victiina  and  another  153  deaths. 
The  overall  case  fatality  rate  was  66.1  percent.  There  were  additional  cases  in 
Port  Said  in  April.  In  all,  1,581  cases  were  repoiteil  in  the  area  during  the 
winter  of  1643-44. 

A  total  of  658  U.S.  Aniiy  personnel  and  civiliiins  were  within  3  miles  of 
the  epidemic  area.  They  were  inoculated  with  Arnty  plague  prophylactic,  and 
the  area  where  the  cases  were  occurring  was  declared  “out  of  hounds.”  Civilian 
workers  were  instructed  in  methods  of  rat  poisoning  with  red  squill  and  of 
trapping  rodents  and  were  told  how  to  obtain  the  required  material.  The 
floors  of  tlie  houses  were  sprayed  with  kerosene  mixtures.  Bat-breeding  places 
were  eradicated  by  pouring  kerosene  into  the  hole  and  by  'dementing  the  open¬ 
ings  of  the  ratlioles  in  houses. 

During  January,  the  Egyptian  public  health  authorities  efficiently  executed 
the  control  program  by  isolating  all  contacts  cf  patients  wdth  pneumonic  plague 
and  inspecting  daily  all  contacts  of  patient.s  and  of  persons  found  dead.  In 
February,  with  the  decline  of  the  outbreak  because  of  natural  phenomena,  such 
as  a  change  in  wind  direction  from  the  Red  Sea  to  the  desert  and  a  mean  rise  in 
temperature  above  80®  F.,  enforcement  of  control  measures  was  stopped. 

On  agreement  with  Egyptian  authorities,  Lt.  Col.  Thomas  G.  Ward,  MC,” 
the  Medical  Inspector,  Middle  East  theater,  was  instructed  to  study  the  out¬ 
break.  It  was  determined  that  the  outbreak  had  been  preceded  by  a  rise  in  the 
X.  cheopi*  index  for  R.  norvegiem  from  O.l  in  October  to  5.1  in  November. 
P.  pettU  was  detected  in  rats  trapped  or  found  dead.  The  X.  rheopis  index  rose 
to  13.31  in  early  December  and  maintained  a  level  of  around  10.5  during  the 
entire  month,  but  declined  to  3.40  during  ,TanuBry.  The  X.  cheopi^  index  curve 
was  remarkably  correlated  with  the  incidence  curve  of  cases  in  the  outbreak. 
However,  as  late  as  January  1944,  there  was  serious  discussion  that  the  epidemic 
was  not  being  caused  by  rat  fleas  because  dead  rats  had  not  beeti  found. 

At  first,  the  Egyptian  public  health  authorities  doubted  that  rat  fleas  caused 
the  outbreak.  Since  they  were  unable  to  find  P.  pettit  in  the  pools  of  fleas,  th^ 
advanced  the  idea  that  the  disease  was  spread  by  the  human  body  louse 
PedievUva  corporu.  Lice  were  collected  from  the  clothing  of  patimts  with  and 
without  positive  blood  cultures  and  were  macerated  and  inoculated  into  guinea 
pigs,  limits  of  examinations  of  many  thousands  of  lice  were  entirely  nega¬ 
tive.  When  Kafr  el  Morur  became  infected,  the  U.S.  Army  group  demoDstrated 
plague  in  16  of  37  dead  rats  and  proved  that  pools  of  fleas  collected  from  these 
rats  carried  P.  pettU, 

Important  clinical  and  pathologic  studies  were  made.  The  cardiac  find¬ 
ings  are  particularly  interesting.  As  a  rule,  in  plague  the  heartbeats  are  faint 
and  rapid.  The  first  sound  is  almost  always  muffled  and  in  many  cases  cannot 
he  heard:  in  severe  cases,  early  in  the  disease,  it  may  be  extremely  difficult  to 

» Xepert  lit.  CoL  TboBW  Q.  WaiS,  MC.  KtSIcal  Iiipcctor,  HMSaiiarten.  D.8.  Anar  Focce*  la 
the  Mlddlt  Bte..  to  tlM  Chief  Sarseoa,  U.8.  Amr  Forcee  la  the  IfMtUc  Eeet.  31  Ifar.  IS44,  eabjaet: 
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hear  the  heartbeat  at  all.  The  heart  may  be  enlarged  Klightl3’  to  the  right. 
With  the  rise  of  body  temiierature,  the  pnlse  becomes  weak  and  thready,  the 
systolic  pressure  falls,  and  the  beat  is  difficult  to  liear.  The  muscle  is  extremely 
weak,  and  on  several  occasions,  death  ensued  immediately  after  some  physical 
exertion.  The  American  investigators  attribute  these  signs  to  the  endotoxin  of 
P.  pettU  and  consider  the  cardiac  injury  to  be  primarily  resjxmsible  for  the 
higher  death  rate  in  patients  over  45  years  of  age. 

In  142  cases  of  plague  which  yielded  positive  blood  cultures,  no  patients 
re(X>vered.  Bubonic  plague  was  complicated  by  pneumonia  due  to  P.  petti* 
in  38  cases;  only  4  recovered,  a  death  percentage  of  80.5.  All  12  patients  with 
primar3’  pneumonic  plague  in  the  outbreak  at  Suez  died.  In  the  light  of  reports 
on  meningeal  plague,  the  finding  of  plague  bacilli  in  the  spinal  fluid  in  several 
cases  of  septicemic  plague  is  particularly  signiiicaiit.  Since  plague  results  in 
rapid  death,  the.  gross  pathologic  findings  are  fow — the  cbaiactcristic  ones 
being  widespread  hyperemia,  few  petechial  liemorrhages,  and  softening  of  the 
heart  muscle. 

Opportunity  was  afforded  for  treating  56  severely  ill  patients,  bacterio- 
logically  proved  to  have  plague,  with  sulfadiazine.  Usually,  the  patients  were 
treated  in  the  first  5  days  of  the  disease.  Of  this  group,  20  died,  giving  a  case 
fatality  rate  of  35.7  percent.  Seven  of  the  twenty  died  before  they  had 
receiv^  24  hours  of  treatment  with  sulfadiazine.  The  Army  medical  officers 
cautiously  expressed  the  view  that  sulfadiazine  probably  has  definite  value 
in  the  treatment  of  plague.  The  course  of  the  disease  in  patients  treated  with 
100.000  units  of  penicillin,  given  every  4  hours  (50,600  intravenously  and 
50,000  intramuscularly),  was  not  altered.  The  tentative  conclusion  was  drawn 
in  February  1944  that  penicillin  is  of  little  value;  only  three  ciises  of  bubonic 
plague  and  eight  cases  complicated  by  septicemia  were  treated. 

Palestine 

An  outbreak  of  plague  in  the  Levant  area  of  Palestine  in  September  1944 
developed  93  cases  with  30  deaths  and  38  cases  with  15  deaths  in  1945.  This 
occurrence  was  considered  a  hazard  sufficient  to  warrant  preventive  inoculation 
with  Armj'  prophylactic  of  U.S.  Army  personnel  and  declaring  the  area  out  of 
bounds,  ^yond  increasing  emphasis  on  sanitary  procedures,  additional  control 
measures  were  not  employed. 

North  African  Coast 

As  part  of  a  general  increase  in  plague  along  the  North  African  Coast  that 
started  in  Fenyville  in  the  autumn  of  1944,  a  small  outbreak  of  plague  at  Oran 
in  1945  attracted  attentitm.*'  The  first  patimt  with  plague  was  a  dockworker 


**  (1)  tiCMMr,  Lt  CoL  SuiWl  C.  RUIa,  MC,  Sarfcoa.  RMiqwrton,  IfcdltnnaMB  BaM  Saettea, 
to  CoaauiBStac  Ocaaral,  UaSltnraaraii  BaM  ScctlM,  S8  Jaa.  1S4E,  Hbjrct;  PlagiM  Sltaatloa  la 
Oraa.  (2)  Lattor,  llaj.  Joaapli  W.  Still.  MC.  HeadMartara,  Madllarraaaaa  TiMatar  nt  Oparatloaa, 
n.S.  Anar,  to  tka  Sarcaoa.  Madltemaaaa  JiMtet  of  Oparattoai.  U.8.  Atm.a,  SI  Jaa.  1045.  aalijact : 
lanatItatloB  of  PaaotooBle  Plosaa  la  Ona. 
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who  ilitnl  on  (]  Janihd^'  lt>45  of  an  illness  ori»iitiilly  considpml  influenzal 
]>iieiinioniti  wiili  onset  on  I)ecenil)er  ItM4.  In  nipiti  siuirssiiHi.  ei^lit  native 
(lockwnrkers  in  r-lose  iisstM-intioii  with  this  ]mtleitt  ttnitnicird  piieiiinoiiii-  pitijnie. 
Direct  sjrreail  hv  <'oiiln<'t  inclnilerl  two  nurses  ainl  it  priest  atteinliii^  piilienis 
in  the  liospital.  ('heiiiopmphylaxis,  :t  fpn.  of  sniiiithiazole  iliiily.  was  eioployed 
for  So  (lim-t  contacts  who  were  iniiinliiinerl  niuler  fnitiril  iliirinf;  tlie  ]M>rio(l 
of  obser\iitioii  iii«l  treatment.  Only  <me  l>ei-aiiie  ill,  and  lie  recovered. 

This  fiivonilile  result  is  |mr>icnhirly  siipiilimnt  in  that,  for  the  first  time 
at  Oran,  llie  time-honoreil,  but  rather  distressing  methiMl  of  tpianintiiiiiif;  the 
contacts  of  pneumonic  ]ilaf;iie  and  weeding  out  those  wlio  fall  ill  was  snp]>le- 
mented  by  cheniuprupliyln.xis.  In  recent  yeart,  I  lie  value  of  siicli  a  prophy¬ 
lactic  ]irucednre  has  been  amply  proved.  Sulfadiazine  or  snlfanieraziiie  is 
preferred  to  siilfatliiazole.  The  optimal  dose  and  dnnition  of  chemoprophylaxis 
has  not  been  established.  The  ()mn  ex|ieriea<\‘  suggests  that  larger  doses  of 
sulfonamides  than  those  employed  are  in  all  proliability  desirable." 

Itodent  conii'ol  was  |Nirt  of  the  preventive  progniin,  although  rodent 
plague  was  not  found  in  the  Oran  nnthreak.  Ibit  trapjiing  at  strategic  Iihu- 
tioni-'  and  e.xnminatiou  of  the  rats  for  ]dague  were  instituteil  to  determine  the 
distribution  of  plague.  DDT  in  kerosene  was  used  lilierally  in  buildings  and 
living  areas.  Dedding,  clothing,  and  persons  of  natives  were  dusted  with  DDT 
powder.  L'nited  States  military  and  civilian  personnel  were  segregateri  from 
native  dockworkers.  Troops  were  restricteil  to  post  or  isolated  for  a])]>ropriate 
inculmtion  period  before  tleparture.  Military  iiersonnel  were  reimmnnizeil 
with  Army  vaccine.  A  small  number  of  U..S.  Aniiy  troops  in  the  vicinity  of 
Bizerte  and  Ferryville,  Tunisia,  were  inoculatwl  against  plague  when  oases 
were  reporte<l  in  tlie  local  civil  population  during  the  latter  )mrt  of  1944 
Other  «'ontnd  measures,  including  port  quarantine  procedures,  were  effecte«l 
by  the  U.S.  Navy  and  British  forces.’* 

In  July  IMA,  an  outbreak  of  plague,  both  bnlmnic  and  septicemic,  limited 
to  two  natives  and  one  European,  appeared  in  Casablanca.  The  first  paitient 
was  a  French  employee  in  a  warehouse  of  tlie  port  area  where  dead  tats  lud 
been  seen.  American  siddiers  and  personnel  of  tlie  It'ilian  service  units  were 
inoculated  with  Ui^.  Army  plague  pro]>hy lactic.  Off  limits  restrictions  were 
enfoircxi  for  those  wlm  had  not  been  recently  inoculated.  Entrance  to  tlie  in¬ 
fected  area  was  ]irohibite<],  except  on  essential  business.  By  arrangement  with 
the  Fremdi  aiitliorities,  a  general  rodent  control  program  was  preceded  by 
extensive  treatment  with  DDT  powder,  or  DDT  in  kerosene  was  applied  to 
warehouses,  buildings,  offices,  trucks,  and  ships.  Special  attention  was  paid 
to  protective  clothing.  These  newly  develofied  control  measures  limited  the 
outbreak  to  a  few  cases  and  to  a  single  week.** 

PsUlUrr.  K. ;  S«vnt  Twai  li  tlw  TrMMMt  aaS  CMlnd  ut  P1a(««.  Ai>ta  Trail.  S :  9fr-W. 
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Mediterranean  Basin 

Thniunli  nits,  |ilii|;iie  wiis  rriiitnNlureil  into  Tiininto.  ila)v,-’  Ajarvio, 
('orsicn,  and  the  island  of  Tenerife  in  the  ('aiiai^'  Islands  durinp  the  war. 

Corsica  had  been  free  of  plajirne  until  194.%  wlien  lietween  1 1  Maj’  and  13 
•Tune  there  were  1.3  cases  with  10  deaths.”  The  island  was  quarantined,  and 
tile  entire  |iopiilation  was  inoculated  with  a  pioteciive  prepuiation  of  killetl 
bacilli,  pre|>ared  by  the  Pasteur  Institute.  Two  inoculations  of  1  and  if  cr., 
respectively,  were  ifiren  at  nn  interval  of  8  days.  Manj'  thousands  of  rats 
were  systematically  destroyed  by  stpiill  and  by  arsenic  acid  anhydriile.  and  fleas 
were  attacked  with  S  percent  DDT  powder.  Tl«e  decline  of  the  epidemic  was 
attribiite<l  to  sanitaiy*  measures  and  to  the  ilerrease  in  the  number  of  fleas 
broujtht  about  by  the  change  in  a-eather. 

Simultaneously  with  the  reappearam-e  of  plague  in  the  eastern  Metlilei- 
ranean,  in  the  Suez  Canal,  and  North  African  ports,  more  than  TO  cases  of 
hiiniaii  plague  were  repcrtei!  from  Malta.  Otmervations  made  in  this  epidemic 
clearly  indicate  that  toward  the  end  of  the  war  plague  entered  an  eapansive 
phase  and  was  checked  when  greater  vigilance  was  made  possible  by  tlie  cesaa- 
tion  of  hostilities.” 

China 

Plague  control  was  also  a  problem  in  the  China  and  India-Bunna  theaters, 
ami  in  tlie  Pacifir  area,  ami  was  given  serioiis  consideration  in  planning  for 
the  occupation  of  Ja|Nin.  The  plague  outbreak  in  YQnnan,  southwest  China,** 
became  active  in  1943,**  This  outbreak  was  of  importance  to  the  UJS.  Army 
because  the  infected  area  lay  astride  the  Burma  Road. 

The  Yunnan  Valley,  a  plague  center  since  1840  and  even  earlier,  receiveil 
the  infection  from  Burma.  Fanned  by  the  Mcdiammedan  rebellion  of  1855,  it 
is  believed  that  plague  progressed  slowly,  but  inexorably  from  the  border  region 
of  Yflnnan  to  reach  eventually  Canton  and  Hong  Kong  and  be  distributed  in 
1894  to  every  continent  in  the  world.**  It  was  then,  as  it  was  in  1910,  that  war 
created  a  serious  plague  situation  in  Yfinnan.  While  tlio  region  appeared  free 
around  1908  and  later,  plague  appeared  in  the  city  of  Munginao  in  1940,  where 
a  considerable  epizootic  broke  out  in  February  and  March.  A  serious  outbreak, 
definitely  attributable  to  importation  from  Burma,  developed  between  Septem¬ 
ber  and  October  1943  in  Lung-ch'uan.  Direct  and  fairiy  frequented  routes 
connect  the  towns  with  the  notorious  plague  center  of  Bhamo  (map  2).  Trans¬ 
portation  of  rice  from  Lung-ch’uan  in  July  to  September  led  to  the  spread  of 
pisgue  into  the  Lo  Pupa  Valley  and  to  Nan-tien  in  Normber  1944. 

BBchala,  K.  R. ;  Caatnl  tt  Flao*  >■  mniMm  iUlir.  ISW-M.  Am  •{  a  SawfftU 

PraitnBM  Ba*Bt  Catmilutlaa.  Ball.  WacU  Bcallfe  Otsaa.  S:  STS-OSS,  ISM. 

■rMdta  lattm:  UpUfte  a(  Plaoa*  la  CWsIca.  t-AM-A.  IM:  SM.  S  Apr-  IMS. 

»Bataatt.  A  A. :  Bat  Caatrvl  la  a  Placaa  Oaltrtak  la  Kalla.  1.  Hjs.  M ;  IS-IS,  Xarefe  IMS 

'■tniBBA.  Rmltli  DItM«b.  Plaaar  Oattfaat  la  Wmtm  nuaaa.  CUaa.  lrH*ail»l.  laAirai. 
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Maf  2.  |4a««F  mmI  nH  irtawr  (Iriaa  smI  HanM. 


Phgw  WM  abo  actiTB  in  tiM  Prixrinea  ot  Fakini  dorinK  World  W'ar  11, 
with  an  eatimated  8,279  caara.  Tho  adjoininir  PioriiHw  ot  tSiFkiaiif  hod 
caaea.  Both  arena  lie  ahmc  the  Oiina  Conat  ainmt  Honf  Kann  and  wan*  in 
Japonen  handa. 

Since  rata  had  become  ezttnoctliaarilj  nanemaa  in  the  Kauai  Icatlad 
Ying-kiang  or  Yiiig-diiang  after  103S]  area,  it  m  nut  aurprisiNg  llwt  plague 
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appeared  in  that  region  between  February  and  September  104S.‘’  The  rat 
epixootics  were  ao  severe  that  occasionally  several  hundred  dead  plague- 
infected  rats  were  found  in  one  compound.  Under  these  circumstances,  it  was 
to  bn  expected  that  the  human  outbreaks  following  the  ppiz«)ntic  were  often 
explosive.  For  example,  in  Nan-tien  in  June  1944,  a  family  of  24  was  mTected 
following  an  epiaootic;  17  contracted  plague,  of  whom  9  died.  In  at  least 
80  of  a  total  of  300  villages,  the  number  of  victims  was  estimated  at  2,350 
and  deaths,  at  1,350.  During  1944  and  1945,  various  other  regions  in  West 
Yiinnan  reported  sporadic  cases  of  plague,  but  accurate  information  is  not 
available. 

Tlie  greatest  plague  threat  of  the  war  to  Americans  came  when  U.S.  troops 
entered  North  China.  In  anticipation  of  difliculties,  a  detailed  program  of 
control  was  formulated  which  included  the  desirable  features  of  standard 
procedures  and  all  of  the  additional  measures  derived  from  diverse  experiences 
with  plague  by  the  Armed  Forces  in  other  parts  of  the  world  during  the  war. 

In  keeping  with  policies  developed  by  the  Preventive  Medicine  Service, 
The  Surgeon  General  urged  medical  officers  of  the  tlieater  to  cooperate  with 
local  and  national  governments  to  control  the  disease  in  the  civil  population 
in  order  to  reduce  the  hazard  to  U.S.  troops.*  Control  measures  emphasized 
principally  a  rat  campaign  of  traditional  pattern  readily  adaptable  to  these 
regions.  However,  since  the  spread  of  plague  at  distance  is  due  to  transport 
of  infected  fleas,  rather  than  to  rodents,  the  outbreak  in  Yunnan  smoldered 
far  over  6  years,  until  the  susceptible  reservoir  had  apparently  been  exhajisted.* 

In  the  later  stages  of  the  outbreak,  a  large  proportion  of  the  population 
was  inoculated  with  protective  preparatimis  containing  killed  plague  orga¬ 
nisms.  In  Nan-tien  Village,  59  percent  of  the  patients  with  plague  were 
stated  to  have  been  inoculated  with  prophylactics  prepared  in  China.**  Dur¬ 
ing  the  Kanai  epidemic,  the  value  of  antiplague  inoculaticm  was  considered 
wane  than  useless.  Investigations  disckwed  that  the  inoculations  were  often 
carried  oat  in  places  which  already  had  had  a  very  heavy  rat  mortality  and 
human  plagoe  had  already  become  rampant.  Under  these  ocmditions,  many 
of  the  inoculated  fell  ill  and  many  of  them  died.  However,  most  of  these 
inoculated  persons  contracted  the  disease  within  2  to  3  days  after  the  first 
inoculation,  having  no  doubt  already  been  infected  before  they  received  the 
psophylactie.  If,  on  the  other  hand,  inoculations  were  given  before  rat  infec¬ 
tion  Imd  gained  momentum,  or  better  stiU  before  there  had  been  any  rat 
nmitality,  subeequent  severe  epiaootics  did  not  lead  to  epidemics,  but  at  most 
to  sporadic  instaiwau  of  human  plague.  Statistics  attest  to  the  considerably 
lower  mortality  among  patienta  who  had  been  inoculated  than  among  those 


van  faataaO  SS.  e-  sa. 
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wlio  Iincl  not.  Dr.  Y.  X.  Yang's  mortnlity  figures  were  14.4  percent  among 
those  iiioculateil  witli  ii  preparation  made  under  his  direction,  against  41.4 
I>er«'eiit  among  the,  uniiiociilnted.  Furthermore,  antiplague  inociiiatioii  ex¬ 
erted  a  progressively  greater  influence  on  tlie  therapeutic  outcome  as  the 
number  of  inoculations  increased.  In  the  Kanai  regions,  siilf:ithiaM)1e  was 
used  propliylacticnlly,  and  it  was  reported  that  of  the  untreated  IJiSO  pa- 
tieiit.s,  only  100  recovered,  while  of  the  1,000  treated,  only  100  dieil.  Only 
one  of  27  who  suifered  plague  died  in  Nan-tien  following  the  )>ropliylactic 
use  of  sulfadiazine.’*  Immunization  and  chemotherapy  were  apparently  re- 
8|>onsibIe  for  the  low  case  fatality  rate  of  2:1  deaths  (22  iten-eiiti  among  a 
total  of  102  infected.  These  flgures  are  significant  in  view  of  the  recent  con¬ 
firmation  that  the  mortality  of  the  sulfonaniidu-l rested  inimnnizetl  group 
was  less  than  one-half  of  the  fatality  rate  in  the  corresponding  iioninocnlated 
group.** 

In  view  of  the  plans  for  military  operations  in  endemic  areas  along  the 
eastern  coast  of  China,  all  troops  in  the  China  theater  were  inoculated  against 
plague  early  in  1045,  and  arrangements  were  made  for  reinoculation  at  6 
months'  intervals. 

Personnel  a-ssigned  to  bases  in  southern  India  were  routinely  inoculated 
against  plague  because  of  the  endemicity  of  the  disease  in  nearby  villages. 
As  a  precautionary  measure  to  protect  troops  operating  along  the  Ledo  Hoad, 
the  suigecNi  of  Advance  Section  No.  3,  India-Burma  theater,  established  a 
plague  control  organization,  using  specially  qualifie«I  personnel  from  I7.S. 
Army  medical  installations  located  in  the  area.  This  organization  consisted 
of  prevention  and  treatment  teams  prepare<l  to  go  into  action  at  the  first 
sign  of  s  plague  outbreak. 

SUMMARY  OF  PREVENTIVE  AND  CONTROL  MEASURES 

Experience  with  the  new  insecticide  DDT,  developed  during  the  war,  has 
established  the  principle  that  attack  on  the  flea  is  the  desirable  immediate 
objective  in  epidemic  control,  with  attention  to  the  rat  as  a  long-term  c<xi- 
sideration.  Preliminary  observations  on  chemoprophylaxis  as  a  preventive 
measure  were  paiticulariy  significant  in  the  epidmic  of  pneumonic  plague  at 
Oran.  These  experiences  permitted  the  fdanning  and  the  adoption  of  a  modem 
program  of  plague  oontnd. 

Hie  basic  principle  in  modem  ocmtrol  of  human  plague  is  direct  attadr 
on  reported  and  lecogniaed  foci  of  infection,  in  contrast  to  the  wnphaam  on 
stopping  ^>read  from  the  areas  involved  chiefly  by  quarantine  and  maritime 
BuitatHm,  which  are,  however,  still  necessary  measures.  The  essential  steps 
taken  are  described  nnder  subsequent  hesdings. 

*9^  3W.  p.  91, 

*9^  fPOtBOlff  IH,  p,  88. 
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Preventive  Measures  To  Be  Instituted  in  Advance  of  Known  Plague 

All  military  personnel  and  as  many  civilians  as  possible  in  endemic  areas 
should  be  inoculated  with  the  most  effective  available  plague  prophylactic. 
Protection  against  infestatiem  with  fleas  throng  the  use  of  insecticide  powder 
or  repellents  should  be  encouraged.  Hodent  survey  and  control  programs 
should  be  initiated  by  medical  unit  commanders,  preferably  in  cot^ration  with 
civilian  public  health  agencies.  The  Itea  index  of  the  rats  should  be  deter¬ 
mined.  Trapped  and  dead  rats  should  be  examined  for  evidence  of  plague. 
To  assure  early  awareness  of  the  presence  of  plague,  close  medical  intelligence 
must  be  maintained  by  unit  surgeons  and  local  military  government  and  civilian 
public  health  authorities. 

Control  of  Sporadic  and  Endemic  Plague 

The  recognition  and  early  diagnosis  of  sporadic  coses  and  confirmation 
by  specific  laboratory  procedures  arc  most  important.  All  infectious  material 
must  be  handled  with  greatest  care  and  examined  by  experienced  bacteriologists. 
Concurrent  and  terminal  disinfection  f-hould  be  enforced.  Patients  should  be 
isolated  and  strictest  communicable  disease  tedmiques  used.  Attendants  of 
patients  with  pneumonic  or  suspected  pneumonic  plague  must  wear  hoods  with 
goggles,  coveralls  or  complete  gown  with  trousers,  and  rubber  gloves.  Per¬ 
sons  handling  bodies  of  those  who  have  died  of  plaguo  should  observe  strict 
aseptic  precautions.  Ccmtacts  and  suspected  contacts  of  a  patient  with  pneu¬ 
monic  plague  should  be  disinfected  and  segregated  for  7  days.  Chemoprophy¬ 
laxis  for  contacts  is  recommended — 3  gm.  of  sulfadiazine  (or  sulfamerazine) 
per  day  for  5  days. 

Area  quarantine  includes  the  enforcement  of  off  limits  regulations,  traffic 
patrol,  and  dianfestation  of  militaij  personnel  and  dvilians  entering  or  leav¬ 
ing  an  infected  area.  Particular  attentiem  riiould  be  paid  to  refugees.  The 
tendency  of  inhalHtanta  to  flee  to  the  country  and  neif^boring  villages  most  be 
cubed,  ftMciUy  if  necessary.  Peisonnel  departing  from  plague  areas  sboold 
be  certified  free  from  plague  infeetkm  and  from  vermin  infestation  within  48 
boors  of  d^Nutora. 

Vesssis  in  contact  with  ports  in  plague  areas  should  be  protected  against 
entry  of  rats.  Steps  should  be  taken  to  assure  that  cargo  taken  on  is  free  from 
rata  Battrapping  and  poisoning  diould  be  continuous  on  veesds  sod  th^ 
dwuld  be  subject  to  inapeotion  end  fnmigution,  ot  both,  by  qnsisntine  suthor- 
ities  in  ports  of  entry  in  nonplsgoe  sreea 

All  U&  militniy  peiuonnel  within  the  general  area  ahould  receive  a  stimn- 
lating  dose  of  1  ml.  of  plague  prophylactic. 

The  most  imputent  oontnd  meesute  is  directed  toward  the  focel  dinn- 
feetation  of  houses  and  buildings  where  {degne  hes  occurred.  Within  s  radius 
of  100  yards  from  the  infected  house,  all  persons,  pets,  domesticated  animela, 
clothing,  bedding,  and  furniture,  rat  rune  and  rat  harborages  sboold  be  dusted 
with  DST  powder.  Walls,  ceilings,  and  floors  of  the  houses  should  be  treated 
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willi  DDT  residual  keniseiie  spray.  When  rattrappinf;  leads  to  the  disrover^ 
of  piajniP  in  rats  or  of  rata  with  a  high  flea  index,  disinfestation  should  be 
extended  and  repeated.  Personnel  engaged  in  plague  control  should  apply 
inses't  refielleiits  to  tlieir  ex|Kise<l  skin  and  ehithing,  including  sock-s.  Kesi- 
dents  within  or  adjacent  to  a  plague- infected  aiea  should  be  disinfested 
weekly  u'ith  10  jierrent  DDT  |Miwder.  Hospitals,  lutmicks,  niesslialls,  and 
storeroonis  of  military  inslallatKNis  rihI  tlie  quarters.  cIubH.  stores,  and  common 
meeting  places  of  foreign  ivshImiis  adjacent  to  a  plagne-iiifested  area  slionld 
be  kept  free  of  fleas  by  use  of  DDT  powder  or  residual  spray. 

Rodent  control  measures — destruction  of  harborages  and  rat  proofing 
measures — and  rat  extermination  programs  should  he  carried  out  as  a  sequent 
measure  to  focal  disinfestation.  Rat  extermination  should  include  trapping, 
the  use  of  poison,  and  fumigation. 

Natives  from  towns  and  villages  where  plague  is  occurring  should  be  inocu¬ 
lated  against  plapie.  The  numlier  of  native  employees  within  the  military 
installation  should  be  reduce<I  to  a  mininmni.  Their  quarters  should  be  disin- 
fecfetl  and  each  employee  exaniine<l  dally  for  fever  and  other  evidence  of 
plague. 


Control  Measures  of  Plague  in  Epidemic  Proportions 

The  measures  to  be  used  do  not  differ  in  kind  from  those  required  in  the 
management  of  sporadic  rases,  with  the  exception  that  special  case-finding  teams 
are  required.  They  make  special  epidemiologic  studies  of  reported  and  sus¬ 
pected  rases,  initiate  preliminary  and  emergency  control  measures,  organise 
house-to-house  mirveys  with  the  help  of  civilian  personnel,  assure  inoculation 
and  disinfestation  of  all  civilian  personnel,  and  aid  in  providing  adequate  isola¬ 
tion  measures  for  patients  and  civilian  liospitals. 

These  teams  are  supported  by  others  entrusted  with  disinfestation  and 
rodent  control.  Local  disinfeetation  of  bnildings  and  inhabitants,  surveying 
the  rat  and  flea  population,  rat  extermination  in  the  infected  community  and 
in  nearby  military  establishments,  and  organisation  of  facilities  for  disinfeeta¬ 
tion  by  dusting  at  roadUodcs  are  tbeir  functions.  Aa  an  emergency  measure 
a  cordon  sanitaire  may  be  considered  when  plague  is  widely  disseminated  and 
provided  natural  barriers  such  as  mountain  rangM  and  rivers  favor  such  a 
protective  action.  All  general  measures  to  limit  the  spread  of  infection  are  to 
he  established  promptly. 

RESEARCH 

Protective  Inoculstkm  Against  Plague 

The  numerous  attempts  and  experiments  to  perfect  an  immunixing  prepara¬ 
tion  have  been  beaed  on  the  ofatKrvatkm  that  suTvival  from  clinical  infection  pro- 
tects  against  a  second  attadc,  or  at  least  transforms  reinfection  into  a  milder 
disease.  Unfortunately,  the  epidemiologic  and  statistical  records  of  the  great 
plague  epidemics  furnish  no  accurate  information  concerning  the  degree  of  im- 
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munity  enjoyed  by  individuals  who  recover  from  plague.  This  lack  of  depend¬ 
able  information  has  spurred  the  study  of  protective  inoculation,  which  has 
continuously  received  attention  since  Haffkine  conducted  extensive  animal 
experiments  and  tests  on  human  beings  with  heat-killed  broth  antigen  (frmn 
1896tol89T). 

Study  of  the  publications  of  the  Indian  Plague  Commission  and  other 
Indian  Government  reports,  particularly  the  summariee  by  Taylor,”  and  by 
Wayson,  McMahon,  and  Prince,**  makes  it  seem  unqneeticmahle  that  large  and 
repeated  doses  of  the  Haffkine  prophylactic  frequently  protects  individuals 
against  plague.  However,  it  is  equally  well  known  that  many  inoculated  per¬ 
sons,  including  even  a  number  of  those  who  had  received  more  than  one  injection 
of  the  prophylactic,  contracted  the  disease.  By  1035,  a  questionnaire  sent  out 
by  the  OffiM  International  dTIygikne  Publiqne  brought  Uie  general  conclusion 
that  there  was  little  advantage  in  using  antiplague  antigens  made  from  killed 
micro-oi^ganisms.  The  value  of  the  Haffkine  prophylactic  was  seriously 
questioned. 

Research  was  then  directed  toward  developing  vaccines  containing  live 
avirulent  organisms.  Between  198?.  and  1940,  OUen  in  Java  and  Girard  in 
Madagascar  studied  the  benefits  of  this  type  of  vaccination.  But  even  a  method 
of  immunisation  utilizing  live  avirulent  vaccines  which,  in  the  snimsl  experi¬ 
ment,  assures  the  beet  protection,  when  applied  to  man  clearly  shows  its  ulti¬ 
mate  linutations.  The  reasons  are:  (1)  the  immunity  after  injection  is  riiort, 
offwing  no  protection  bey<md  6  to  8  months;  (2)  one  single  subcutaneous  vac¬ 
cination  does  not  protect  against  direct  aerogeoic  infection ;  and  (3)  repeatedly 
revaocinated  persons  have  died  of  plague  contracted  after  natural  exposure  to 
this  infection.  Irreepective  of  these  limitations,  the  Netherlands  £ak  Indies, 
the  French  oolonus.  South  Africa,  China,  and  Argentina  turned  their  atten¬ 
tion  to  antiplague  vaodnation  with  live  avirulent  vaccine.  India,  Egypt,  and 
several  other  oountriee  in  the  British  Empire,  however,  favored  the  killed 
prophylactics. 

This  was  the  state  of  knowledge  when  the  Subcommittee  on  Tropical  IMs- 
eases,  Natitmal  Beeeardi  Council  Committee  on  Medical  Research,  mi  22  October 
1941  passed  the  following  reeolntion ;  “Resolved  that,  even  though  the  available 
knowledge  does  not  seem  to  afford  definite  evidence  of  the  benefits  from  the  use 
of  plague  vaccine,  it  is  oonridered  advisable  to  vacdnste  with  killed  plagne 
bacilli  of  an  approved  strain  all  military  or  naval  petsoonel  un^r  wrious  threat 
of  exposure  to  bubonic  plague.” 

In  Mardi  1942,  the  author  (KF'Jf.)  and  Dr.  Newton  E.  Wayson  sub¬ 
mitted  to  the  Netionel  Institute  of  Heelth  a  brief  outline  which  served  sa  a 
guide  for  the  early  manufacture  of  a  formalin-killed  egar-grovm  suspension 
of  plague  bacilli  in  saline.  The  selecUon  of  the  strain  of  P.  to  be  cm- 
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ployed,  the  caiii{M>sit  idii  niul  pre|Ninil  iuii  of  the  i-iill  ure  iiiediiiiii,  and  tlie  methods 
for  iDeasuriiit;  the  relative  protective  i>uteiit*y  of  the  aiiti|!^ii  viiceine  were  pra- 
lH)S(>d  ns  siibje<‘ts  to  l>e  invest  ipitnl. 

Through  the  yeiirsof  teilioiis  ext>eriiiieitlHtioii  in  seitrrh  of  ii  pmphy luetic 
inoeuhition  nfpiinst  phijfiie,  the  iinijority  of  workers  hiid  ndhemi  to  the  prin¬ 
ciple  thiit,  if  it  <‘1111 1)0  shown  thnt  u  prepanition  or  fraction  of  /*.  fn-ntix  protects 
rats  and  ini<‘e  or  piiineii  pif(s  a^iiiist  an  ex]>erii»eiitnl  iiifis-tioii,  this  is  very 
ipiod  presumptive  evidence  of  its  efficacy  in  liinnan  lieiii)>s.  The  early  studies 
on  phitrue  vaccines  c4)nducted  at  thefSeoryte  Willinins  I {ooi>er  Foundation  under 
contract  with  the  ('oniniittee  on  Medical  Itesrnrch,  Office  of  S<;iei)tilic  Itesenrch 
and  I  Vvelopinent,  made  use  of  this  principle,  hut  soon  foniid  tlnil.  mice  inocu¬ 
lated  ill  two  steps  with  0.0<>2  ml.  of  Army  propliylai'tic  resisteil  a  cliallenyje  in¬ 
fection  with  9,000  to  4,000  virulent  plague  Imcilli,  but  that  ibe  propliyinctic 
value  was  relatively  little  for  guinea  pigs.  When  useil  in  the  dose  customary 
for  hunnin  iinniimixatinii  (Ln  iiig.=3,(X)0  million  org^misms),  only  10  to  20 
percent  of  the  guinea  pigs  siirviveil  n  challenge  infei'tiiai  with  r>t)0,0()0  plague 
Imcilli. 

In  the  course  of  extensive  protection  tests,  different  plague  antigens  were 
prepareil  from  aviruleiit  plague  bacilli.  Stniins  grown  on  agar  or  in  liquid 
were  killed  by  beat,  by  chemicals  (formaldehyde,  acetone  at  — 70*  0.,  almulute 
alcohol,  (lotassiuni  sulfate,  glycerol),  and  ultraviolet  irradiation.  Again,  the 
ininnmogenic  {lotency  of  these  antigens  was  high  for  mice  and  nils,  hiit  rela¬ 
tively  low  for  guinea  pigs.  The  efficacy  was  enhanced  by  synergists  such  as 
alnmiiiuni  potassium  sulfate  (alum)  or  aluminum  hyiln>xide,  but  not  by  calcium 
phos{ihate.  In  some  experiments,  between  HO  and  100  percent  of  the  guinea 
pigs  were  immunized  witli  an  antigen  which,  in  the  unprecipitateil  stage, 
conferred  protection  to  only  10  percent  of  the  animals.  The  immunogenic 
potency  w-as  equally  high  when  the  antigens  weie  incorporated  in  nil  emulsions, 
but  they  produced  severe  inflammatory  tissue  changes  at  the  site  of  injection. 

These  tests  furnished  convincing  evidence  that  the  degree  of  protection 
is  raised  when  large  and  repented  doees  of  antigens  tre  injected  prophylac- 
tically.  Furthermore,  it  is  the  actus)  mass  of  the  bacterial  protein,  rather 
than  tlie  method  of  preparing  the  antigen  from  killed  bacilli,  that  coni  mis  the 
immunogenic  effect 

Chemical  studies  on  virulent  plague  bacilli  ( Yreka  strain)  precipitated  by 
acetone  cooled  to  —70*  C.,  wash^  until  free  from  water,  and  then  dried  in 
vacuo  yielded  on  extraction  with  neutral  sodium  chloride  solution  at  least  two 
antigens.  By  precipitation  at  0A3  saturation  of  ammonium  sulfate  at  pH  7.0, 
a  protein  is  readily  obtained  which  crysUlliscs  spontaneously  in  the  form  of 
fine  needles  upon  cooling  a  solution  supersaturated  at  40°  C.  A  second  protein 
can  be  separated  from  the  atoxic  fraction.  This  protein  contains  carbohydrate, 
is  soluble  at  0.25  saturation,  and  precipitatM  at  0.30  saturation.  These  two 
atoxic  proteins  readily  immun'uce  mice,  rats,  and  monlceys,  but  confer  protection 
to  guinea  pigs  only  when  incorporated  in  a  water-oil  emulsion.  During  the 


PLAGUE  07 

later  part  of  the  war,  these  were  recognized  as  tlie  most  important  antigens  in 
plague  prophylaxis.” 

Independently,  but  along  similar  lines,  experimental  work  on  plague 
prophylactics  was  carried  out  by  the  Ltaboratory  for  Plague  Suppressive  Meas¬ 
ures  of  the  U.S.  Public  Health  Service."  During  these  studies,  one  of  the 
workers  accidentally  contracted  pneumonic  plague,  but  recovered  under  sul¬ 
fadiazine  therapy.  He  had  been  inoculated  repeatedly  with  Army  plague 
prophylactic,  with  and  without  aliun.” 

In  applying  these  observations  to  the  prophylactic  antiplague  inoculation 
of  man,  indirect  methods  of  measuring  the  response  to  the  plague  antigen  were 
developed.  Although  the  Army  plague  prophylactic  stimulated  agglutinins  in 
low  titers  in  about  two-thirds  of  the  injected  human  beings,  this  immune  re¬ 
sponse  was  not  considei-ed  significant.  The  protective  value  of  the  sera  of  the 
volunteers  (Air  Corps  personnel  and  inmates  at  San  Quentin  prison)  was  there¬ 
fore  measured  with  the  aid  of  a  mouse-protection  test."  With  this  relatively 
crude  test,  conclusive  evidence  has  been  secured  that  antigens  (prepared  with 
dead  plague  bacilli)  with  proved  immunogenic  potency  for  mice  and  guinea 
pigs  stimulate,  in  approximately  70  percent  of  human  volunteers,  the  appear¬ 
ance  of  weak  protective  antibodies.  The  observation  that  a  third  injection,  or 
booster  dose,  definitely  increases  the  levels  of  the  protective  anUbodies  is  sig¬ 
nificant.  There  is  distinct  evidence  that  the  prophylactic  injection  of  killed 
plague  bacilli  (8,000  to  12,000 million)  orof  Fraction  I  antigen  (2.5 mg.)  a.<eures 
both  a  higher  percentage  and  a  higher  level  of  antibody  response.  The  serum 
protective  antibodies  found  in  preliminary  series  of  human  inoculations  with 
avinilent  living  plague  bacilli  were  of  a  very  low  order.  Tlie  few  tests  made 
furnished  no  conclusive  evidence  that  avinilent  living  plague  vaccines  are 
superior  to  killed  antigens  when  the  appearance  and  the  degree  of  seruin  anti¬ 
bodies  is  used  as  a  measuring  rod. 

These  experiments  indicated  that  the  much  criticized  method  of  antiplague 
inoculation  which  employs  agar-grown  killed  antigens  should  prove  effective 
provided  the  procedure  is  used  before  an  outbreak  of  plague  is  in  progns.^ 
Furthermore,  the  evidence  is  sufliciMitly  encouraging  to  jusvify  repeated  in¬ 
oculation  of  killed  antigens  as  a  means  of  enhancing  the  degree  of  protectimi. 
The  immunity,  though  not  abeolute,  nor  even  relative  in  some  human  beings,  is 
nevertheless  of  undoubted  value,  since  modem  chcinotherapy  is  more  effective 
in  the  vaccinated.  Proidiylactie  inoculations  will  serve  as  a  supportive  pre¬ 
ventive  measure  in  reducing  the  high  case  fctality  rate  in  the  course  of  plague 
epidemics. 
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Chemoprophylaxis  and  Therapy  of  Plague 

The  com|)anitiv3  ciirntire  effioieiicy  of  siilfoiininidcs  was  evaluated  by  in 
vitro  and  in  vivo  tests.  In  order  of  their  activity,  the  preparations  are  (1) 
very  active  conipoiiiids — sulfaqiiiiioxaline,  sidfapymziiie,  sidfaiiierazine,  sulfa¬ 
diazine,  and  snlfatliiozole — and  (‘2)  iiiotlerately  active  compounds — siilfneeti- 
niide,  siilfacridine,  siilfapyriditie,  and  4,4'-dianiinodiplienylsiilfone.  Tlie 
liiglily  active  sulfonamides — siilfapyraziiie,  snlfamerazine,  and  sulfadiazine — 
irres|>ectiv«  of  dose,  cotdd  not  cure  more  than  lU)  to  4il  |terreiit  of  the  infected 
aniiiinls  when  treatment  was  delayed  and  the  ilnigs  adiniiii.stered  at  a  stage 
when  the  immunity  mechanism  had  been  dainageil  by  the  toxemia.  At  any  stage 
of  tlie  infection  and  at  any  level  of  dosage,  siilfatliaziiie  prtivcd  statistically 
superior  to  sulfathiarxtle. 

Since  atitiplague  sera  in  combination  with  sulfonamides  doubled  the  effi¬ 
cacy  of  each  thern|M>iitic  agent,  the  -Vniiy  assigiiinl  to  two  phnrmneeiitienl  com¬ 
panies  the  manufacture  of  potent  antiplagiie  sem.  (mHliirerl  with  tlie  avirnlent 
A1 12*2  St  rain  in  rabbits.  Inununizat  ion  was  extenderl  over  I  ft  weeks,  llie  sera 
possessed  a  higli  agglutination  ami  mouse  prott'ct ion  titer.  By  the  application 
of  newer  methods  of  fractionation  aii<l  coiicentratinn,  globulin  solutions  with  an 
agglutination  titer  of  1:10,240  ami  a  nioiise-pmtertinn  imitage  of  1,000  per 
milliliter  were  made  available  in  a  lyopiiilized  form  late  in  lO-l'i.  An  ojipor- 
(uiiity  was  not  iifTnnIeil  to  test  tliese  sera  on  imtients,  lint  f  liey  sen'ed  effectively 
in  basic  studies  on  the  purification  of  the  Fraction  I  antigen.” 

In  July  1944,  Dr.  Selinan  A.  Waksniaii  inviieil  a  study  of  therapeutic 
properties  of  streptomycin  in  plague.  Tlie  George  Williams  Hooper  Founda¬ 
tion  proved  that  the  antibiotic  in  amounts  of  0.4  mg.  per  milliliter  is  bacteri¬ 
cidal  for  different  strains  of  /'.  pe»tU  in  !>  days.  Advanced  experimental 
bubonic  plague  in  mice  was  readily  cured  with  a  total  of  1,200  to  1,600  fig. 
The  remarkable  bactericidal  action  uf  streptomycin  was  best  demonstrated  in 
es|ierinienial  pneumonic  plague  in  mice  ami  guinea  pigs.  These  p',eliniinary 
obeervations  on  this  most  prombing  drug  have  since  been  fully  confirmed. 
Streptomycin  has  now  been  proved  in  the  successful  treatme.it  of  at  least  25 
cases  of  human  pneumonic  plague.^* 

SUMMARY  AND  PROPOSALS 

The  fact  that  no  one  in  the  U.S.  military  forces  contracted  plague  during 
World  War  II,  despite  potential  exposure  in  Um  Mediterranean  area  and  the 
Orient,  qieaks  of  the  efficiency  of  the  cooperative  measures  taken  by  the  Medical 
Department  of  the  U23.  Army  and  the  rivilian  public  health  departmenta.  Al- 
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Miou|;h  plafnie  certainly  presented  a  real  threat  in  some  areas,  demandiiiit 
consideraiile  effort  of  medical  officers,  i»  did  not  interfere  with  military  opera- 
t  ions  in  any  major  way. 

Some  scientific  advances  made  during  the  war  brought  about  si^ificant 
changes  in  the  approach  to  control  of  plague  and  undoubtedly  favorably  in¬ 
fluenced  its  success.  Two  of  these  were  most  important ;  The  development  of 
an  insecticide  (DDT)  effective  against  the  vector,  the  flea;  and  the  development 
of  agents  that  are  useful  not  only  for  treatment,  but  more  significant  from  the 
epidemic  standpoint,  for  prophylaxis.  These  chemical  agents  altered  the  gen¬ 
eral  plan  in  the  following  ways:  The  flea  replaced  the  rat  as  the  main  target 
in  sanitary  measures;  effective  chemotherapy  and  propliylaxis  improved  quar¬ 
antine  and  preventive  policies;  and  sulfonamides,  ]>articularly  sulfadiazine, 
were  given  to  segregated  contacts  and  offered  them  protection  against  the  in¬ 
fection.  Tliese  measures  offered  the  civilian  population  an  inducement  to  seek 
treatment,  rather  than  to  conceal  cases — ^long  a  snarly  problem  in  control. 
Since  the  development  of  the  antibiotics,  particularly  streptomycin,  hope  could 
be  offered  for  the  first  time  in  cases  of  pneumonic  plague. 

Contributions  were  made  to  the  fundamental  concepts  of  immuniaatio.') 
against  plague  through  the  full  support  and  interest  of  the  Preventive  Medi¬ 
cine  Service,  Office  of  The  Surgeon  General.  Antigens  were  studied  and 
purified  and  a  prophylactic  was  prepared  which,  according  to  tests  developed 
during  the  war,  is  definitely  immunogenic  if  administered  repeatedly.  Al¬ 
though  this  preparation  has  not  jret  had  extensive  field  trial,  there  is  no  reason 
to  doubt  that  it  enhances  the  antibacterial  forces  in  the  body  sufficiently  to 
warrant  its  use.  Immunization  has  not  been  dimmed  by  chemoprophylaxis. 
Prophylactics  prepared  in  India  and  China  that  have  had  field  trial  have 
lowered  the  attack  and  mortality  rates,  though  not  with  any  overwhelming 
success.  They  offer  the  inoculated  better  chance  for  recovery  when  they  are 
treated  with  the  sulfonamides  or  the  antibiotics,  or  both,  preferably  early  in 
the  rourse  of  the  disease.  Inoculations  with  plague  antigens  offer  a  practical 
approach  to  lowering  the  attack  rate  in  endemic  areas. 

In  approaching  the  problem  of  epidenic  plague  as  a  whole,  on  a  long¬ 
term  basis,  in  addition  to  the  application  of  the  superior  control  measures  now 
availaUe,  the  UJS.  Army  should  encourage  and  support  research  ai.d  inquiries 
into  the  following  phases  of  plague  control : 

1.  Evaluation  of  the  newer  rodentiddes  and  insecticidee,  both  cm  rats  and 
wild  rodents,  with  special  reference  to  the  disinfeetation  of  materials  capable  of 
convqring  infwtioa. 

8.  AH>raisal  of  the  therapeutic  value  of  the  newer  antibiotics — Chloro¬ 
mycetin  (chloramphenicol),  Aureomycin  (chlorotetnu^cline),  Terramydn 
(oxjrtetracycline) — in  the  treatment  of  bubonic  and  pneumonic  plague. 

3.  Further  evaluation  of  the  sulfonamides  or  the  antibiotics,  or  both,  suit¬ 
able  for  oral  administration  in  the  prophylaxis  against  plague,  particularly 
the  bubonic  type. 
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4.  Inquiries  into  the  physiology  of  plague  intoxication  and  the  value  of 
antiplague  serum. 

fi.  Comparative  evaluation  of  the  immunity  offered  to  man  by  chemically 
killed  detoxified  plague  bacilli,  plague  antigens  such  as  Fraction  I  and  living 
attenuated  plague  bacilli  preserved  in  convenient  form  for  e.vtended 
transportation. 

In  particular,  the  importance  of  the  multiple,  versus  the  one-dorie,  use  of 
prophylactics  with  and  without  adjuvants  should  be  determined  on  human 
volunteers  by  serologic  and  mouse-protection  tests. 


CHAPTER  VIII 

Relapsing  Fever 

Henry  S.  FuUer,  MJ>. 

INTRODUCTION 

Th«  relapsing  fevers  are  acute  specific  infections  caused  by  spirochetes  of 
the  genus  Barrelia,  some  of  which  are  transmitted  by  the  human  body  louse, 
Pediculv*  humoMU  eorperit,  while  others  are  transmitted  by  certain  species 
of  the  tick  genus  Omithodorot.  In  a  given  situation,  the  rector  is  a  moat 
important  factor  in  determining  the  epidemiology  of  the  disease.  Thus,  louse- 
borne  relapsing  fever  tends  to  be  an  epidemic  disease  whose  incidence,  where 
seasonal,  corresponds  to  increases  in  the  population  of  human  body  lice  and 
whose  mode  of  maintenance  during  interepidemic  periods  has  not  been  clari* 
fied.  On  the  other  hand,  Uchhome  relapsing  fever,  sometimes  called  endemic, 
occurs  sporadically  in  human  beings,  with  occasional  large  outbreaks,  and 
is  ^ically  a  place  disease  related  to  foci  where,  more  or  lees  frequently, 
human  bmnga  may  make  effective  contact  with  infected  ticks.  The  infectiim 
is  actually  enzootic  among  the  ticks. 

Whmver  lousiness  exists,  epidemic  relapsing  fever  is  a  problem  of  po¬ 
tential  military  importance.  Under  conditions  of  unusual  degree  of  oonUuA 
betwemi  susceptible  troops  and  infected  ticks,  the  tickbome  infection  may  be  of 
military  importance,  althon^  usually  to  a  leater  exttnt. 

During  World  War  I,  relapmng  fevers  were  apparently  of  no  import4moe 
to  n.S.  troops.  It  is  well  known,  however,  that  during  and  after  that  war, 
kmseborue  epidemics  oocurred  animig  certain  military  as  well  as  civilian  popu* 
latirms;  ezamides  in  Serbia*  and  in  the  Middle  East*  have  been  descriM; 
and  statistics  on  case  incidence  have  been  publnhed.* 

At  the  beginning  of  World  War  II,  the  methods  of  prercntioa  of  trans- 
minion  and  qwead  of  human  lonsinen  and  of  loneehorne  dianses,  in  general, 
wen  well  known  to  military  medical  peracnneL  The  greet  advimoe  in  tlus 
respect  during  the  war  waa  tbs  a-idespread  and  effective  use  of  the  residual 
uMsoticide,  DDT,  as  a  prsventivs  sMasure  ap(died  to  military  and  civilian 


•Hastw,  W.;  TS*  8«iWu  <(  aaS  liUsalis  Pmr  U  ItU.  Pm.  WLtr-  Bm. 

ns.  nismii.)  u;as,i>iw»wieii. 

«  irsiiis.  W.  IL;  TriSsi  — S  SinpSai  SVwr  la  ITnililHili  «»<  Vfikmm  Pmla.  rm.  Bar- 
Bm. Has.  (SmL IM.)  U:IS.IiBViniL 

•  TtaaS  tt  latasnut  rmr  is  Ueneasa  Ana  aai  Isaalartal  AMca.  n>>Siaili)l.  lafatautlaa 
BaH.  1(11) :  AlS-iei.  U  Jalj  INS. 
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populations  alike.*  Its  use  by  the  Itritish  in  tlie  course  of  an  epidemic  of 
lousebome  rela|iBin|;  fever  amoit)'  civilians  in  Kenya  has  been  describe*!.' 
Specific  vaccines  were  mid  still  are  unavailable.  Althoiigli,  at  the  beginning 
of  World  War  II,  arsenical  preparations  were  thought  to  be  fairly  uniformly 
effective  in  the  treatment  of  human  cases  and  in  the  prevention  of  recurrences, 
studies  of  certain  series  of  cases  have  called  this  view  into  question.  In  addi¬ 
tion  to  provid'uig  clinical  material  for  further  study  cf  arsenical  therapy, 
events  during  World  War  II  revealeil  the  potentialities  of  penicillin  as  ii  8]ie- 
cific  antibiotic  in  relapsing  fever. 

The  experience  of  the  IT.S.  Army  Medical  Department  with  regard  to 
relapsing  fever  during  World  War  II  is  here  c(aisidere«l  in  relation  to  the 
problem  ns  a  whole. 

INCIDENCE 

No  deaths  were  reported  as  due  to  relapsing  fever  during  World  War  II 
in  tlie  U.S.  Army.  Data  on  incMleiice  of  the  diseiiiie.  shown  in  table  IB. 
were  obtained  from  sample  tabulations  of  individual  medical  records  and.  in 
general,  should  be  interpreted  as  approximations  rather  than  exact  numbers. 


Tablb  to. — InriiUnct  of  rrUtptiitf  fn*r  in  thr  t\S.  Army,  by  nrea  and  yrar,  l!>40~4S 
(IVrUnlaary  dsU  tiaard  m  MKtpVr  tobulutloni  al  takdtTlihittl  niMllr*!  rrc«rd«| 


An« 

IMMft 

IB 

IQ 

m 

m 

KH 

IMS 

Contim-ntal  fnitert  8tat<« . 

29 

0 

■ 

3 

III 

10 

.5 

Ovciwa* . . . . 

14.1 

0 

0 

7 

31 

60 

43 

Tout  . . 

172 

0 

1 

10 

41 

70 

.V) 

In  view  of  the  small  number  of  cases  of  relapsing  fever  in  U.S.  Army  per¬ 
sonnel  during  World  War  II,  it  is  virtually  impossible  to  establish  trends  of 
the  disease,  and  any  actual  seasonal  incidence  would  be  liable  to  considerable 
distortion  by  the  occurrence  of  a  localised  outbreak.  An  example  of  one  such 
sanall  outbreak  is  that  described  by  Taft  and  Pika,*  comprising  11  of  the  20 
cases  reported  for  the  United  States. 

Inasmuch  as  available  factual  data  are  quite  fragmentary,  it  appears  de- 
wable  to  discuss  relapsing  fever  with  refnsnee  to  geographic  areas  where  par¬ 
ticular  problems  arose:  United  States,  Panama  Canal  Department,  European 
theater,  Africa-Middle  East,  and,  finally,  the  Chiua-Bunna-India  theater. 
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M:  fie-ltt,  Mraary  IMC 

•Oarakaa.  P.  C.  C.,  DstIm.  C.  W,  MmS.  K.  B,  oaS  Tlaai,  O.  L. :  Aa  Frllialc  at  Uaiaekanw 
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•  Tan.  W.  C..  bb4  Pika.  J.  W  :  Balaatlaa  Warm.  Mayaat  at  a  S»ani«lc  Oatkiaak.  ladaSlaa  TVaat- 
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United  States 

A  localized  outbreak  of  tickbome  relapsing  fever  was  studieil  by  Taft  and 
Pike.  The  outbreak,  occurring  in  northern  Texas,  gave  rise  to  11  proved  cases 
treal«l  in  the  Army  Air  Forces  Itegional  Ibjspitnl,  Sheppard  Field,  Wichita 
Falls,  Tex.  In  discussing  the  clinical  aspects  of  the  disease  in  these  patients, 
the  authors  emphasize  tho  difficulties  in  diagnosis,  the  iinusnal  incidence  of 
neurologic  involvement,  and  the  relative  inelfectiveness  of  Mapbarsen  (ozo- 
phenarsine  hydrcchloride)  as  contrasted  with  the  striking  resiMnse  to  penicillin 
therapy.  Their  particularly  valuable  clinical  discussion  should  l)e  crnisnlted 
in  the  original  article.  Five  of  the  group  developed  rashes  on  the  second  or 
third  day  following  termination  of  the  first  febrile  episode,  and  the  finding  of 
spirochetes  during  the  afebrile  period  in  a  biopsied  t^kin  lesion  is  of  special 
interest.  The  long  course  of  the  disease,  marked  by  relapses  on  ineffective 
therapy,  and  tlie  protracted  convalescence,  all  associated  with  profound  as¬ 
thenia.  indicate  the  potential  los.s  in  man-hours  which  might  be  incurred  in  an 
outbreak  of  larger  proportions.  Special  attention  should  be  paid  to  the  obser¬ 
vation  that  |»enicillin,  in  proper  dosage,  is  effective  in  treatment  of  tlie  acute  epi¬ 
sode,  as  well  as  in  reducing  the  period  of  disability  from  the  disease  to  a 
minimum. 

Epidemiologic  studies  of  this  outbreak  revealed  that  the  men  involve*!  had 
slept  on  the  ground,  during  a  night  exercise,  in  an  area  where  many  specimens 
of  the  tick  OmUhodoron  turienia  were  subsequently  found  living  in  the  bur¬ 
rows  of  terrapins,  Terrapene  omata,  and  in  those  of  small  mammals.  The 
symptoms  of  illness  began  6  or  7  days  after  the  men  were  exiioscyl  in  this  uieu. 
From  ticks  on  “prairie  dogs”  (a  name  applied  rather  indiscriminately  to  giound 
squirrels,  as  well  as  to  Cynomy»  species)  taken  in  this  area,  spirochetes  we:e 
later  recovered  in  experimental  animals. 

It  may  be  noted  that  cases  of  tickbome  relapsing  fever  have  occurred  in 
many  localities  in  Texas,  including  Wichita  County,'  as  well  as  in  nearby 
Kansas.  O.  turicata  (Duges)  is  the  only  known  vector  to  man  of  relapsing 
fever  in  portions  of  Kansas,  Oklahcnna,  and  Texas,  and  it  accepts  a  wide  variety 
of  hosts,  particularly  burrowing  vertebrates.*  The  correct  name  for  the  spiro¬ 
chete  transmitted  by  this  tick  is  Borrelia  turicatae  (BnunpC),  not  Borrelia  rt- 
ewrentu  of  Taft  and  Pike.  Evidence  that  the  tick  may  act  as  a  rpirochetal 
reservoir  has  been  provided  by  Davis.* 

Fischer'*  reported  the  case  of  a  man  whose  illness  began  during  1944 
after  return  from  field  maneuvers  where  he  slept  on  a  m&ttrese  cover  filled  with 

'Ottoma,  t.  IL.  Writat,  B.  B. :  Tto  Fwwit  DteMkeUM  «f  XMapatag  Xanr  la  Ttaaa.  7a 
AawMaa  Anadattaa  far  tka  Aaraanarat  a(  Mma.  P«Htaatlaa  Ka.  IS,  WtaUastaa,  D.C..  IMS, 
fV.  at-St,  A  Sxaatalaai  aa  BaUfalae  fVrar  la  Uw  Aaarleaa. 

■  Oaalay.  R.  A..  aa4  KaU^  O.  H. :  Tka  ArftaMaa  aC  Bank  Aaatka,  Cratnl  Aawrtca.  aa4  Cnka. 
Aaatitaa  MMUaS  KataralM  IfaMaraph  Ra  1, 1M4,  sa.  1-ISS. 

•Davla.  Q.  B.;  BalipUas  Farar:  Tka  Tkk  OmlHalaraa  twrtett*  aa  a  SaUockatal  Baaarvolr. 
Pak.  BaalUilav.  SI :  8S»-S41  Bar  1S4S. 
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S|MniHh  iiMM«  while  InwmIt  the  (‘itlmthi  Kiver.  Tes..  niilrn  frim 

Swift.  N«<  fiirtlier  infornuiiMMi  it*  itiven  iiXM-erninit  iIm>  umt  witere  in- 
fectMin  wait  iHwaniably  attiiaimi  fmn  a  tit'k.  The  iNUieiit  wax  niawnml  at 
the  StatNMi  iIiMt|iiiaK  ('ani|i  Itowie.  Tex.,  wlierr  iliajnMwia  wax  •taiKniteil  by 
detiMMiHtratimi  uf  ihe  itpirorlieteit.  |{ex|Mint<r  tti  |M'iiifillin  therapt*  waa  |>nMapt. 
anil  III)  m-urmM'e  wan  tMte«l  ilurinir  the  enMwiiic  weeka  nf  iiliaen  at  inn. 

Panama  (jinal  Department 

Fnurteen  caaeaof  lelapMiiK  fever  anionit  military  peranniiel  of  ilie  ISnama 
('anal  lle|iartnient  were  miinleil  fur  tlie  yearw  im:i-4.V  aa  futlnwx:  104^  it 
raiwa:  ‘J:  1044. *J: ami  IMA.  4. 

('iilien  "  lieni-ribeil  aix  1^11^  la^'HiriniT  iluriitfr  the  aprinir  nt  IM:t  in  Army 
IMnunnel  treated  in  the  :!IOlh  (reneral  lioapiial,  Panama.  CJ6.  Three  of  the 
patienta  bekmited  to  one  larliral  anil,  three  to  another.  The  men  of  one 
IpvNip  had  alepl  in  native  haia  for  a  ainitte  nicht  aboM  12  to  14  daya  before 
onaet  of  eymptotnu.  The  probable  time  of  infertiim  of  the  othem  iimlil  mX  be 
ftxeil  iMwiaely,  inaamach  aa  they  had  alepl  in  native  jan||4e  hula  lai  many 
oceaakitM  until  .1  daya  prior  to  onarl  of  ilinnai:  them  three  beenme  ill  within 
24  iMNira  of  one  another.  Diaipiaaia  waaronlirmed  in  evety  rum  liy  the  ihnnon- 
atratkm  of  apirorhetea  in  pieparatinniiof  blood.  The  henifrnity  of  the  I'liniral 
rouraes  of  iheae  men  waa  cormirtent  with  previona  ottam-atiiHi*  of  l*annina 
raaea.  In  apita  of  the  findinit  of  lire  on  two  of  the  |ia(ient%  (‘ohena  ataled 
opinion  ia  that  **in  view  of  exiatiii|t  evidenre.  it  ie  more  likely  that  Ihe  diaeaae 
waa  lirkhome.''  Dnrtnir  IMA.  fonr  raaea  of  relapain^  fever  wvte  diaipinaed 
by  lire  ilemoma ration  of  oiipuiiamn  in  blond  preparationa.  and  earh  palieni  |pivo 
a  hiatory  of  lirk  bile  inmrrrd  while  viailiR|t  native  dweHinfp." 

It  ahoald  be  emphaaiaed  that  the  proved  lick  vectora  in  Ihh  re^rnti  are 
OmitkoJomt  rmlit  Kararh  (lymmyaHi:  Omitk^mrm  vcm  ror/raxM  Brampt 
and  OmitkodfM  Bnimpt)  and  Omilh»d»rm  tflwfrin-liftif 

rille).  The  atndiea  of  Doan  '*  aim  cited  hr  I'lark."  led  in  the  belief  that 
O.  rmdm  ia  tha  prinripal  rector  of  relapatn(t  fever  to  man  in  tropical  .kmerica 
and  that,  in  Pnimma,  O.  tmimfe  arte  aa  an  impartaat  aimm  ia  traiNtniitiafi  the 
apirorhetea  from  animal  to  aaimal.  Daria  ”  poiatad  oat,  however,  that  it  haa 
not  been  ahown  experimentally  that  tbeae  tw*  vartora  ai«  avtnally  capnUe  of 
tnuMnittinit  each  otbcr’a  aptrorhriee.  The  rewmt  name  fer  tbe  Hmmti* 
traiMmitted  fay  O.  tvnrenclraaw  ia  Bmrrtlim  eenemndraira  (Bnimpt),  af  trhick 
Bmnrtim  nrmttrmfittii*  (Batea  and  Sand  John)  ia  a  qmimyia.  1^  rpirurbrtr 
traiMunitted  fay  O.  mtmt  be  rupwded  at  premnt  ax  mummed. 

••nofo.  A.  o.:  nnipnae  m«r  la  Pamm:  moot  •*  aia  ohmi  War  IM.  t-ipb. 
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The  miall  to(aI  number  of  human  cases  simply  means  a  low  degree  of 
ef ect  ire  contact  between  infected  vectors  and  troops.  Since  man  is  merely 
an  incidental  host  for  ticks,  playing  no  essential  role  in  their  maintenance  or 
in  the  perpetuation  of  the  tickbme  Borrtlia^  he  is  an  unreliable  indicator  of 
the  amount  of  inf^ion  in  nature.  On  the  basis  of  the  small  number  of  cases 
oceurriiig  in  troops  in  Panama,  therefme,  one  is  certainly  not  justified  in  draw- 
iiig  inferences  as  to  the  rate  of  infection  in  ticks  in  nature. 

I*rrventive  measures  included  indoctrinatimi  of  personnel  in  the  danger 
of  viaiting  native  habitations,  particularly  at  night.** 


European  Theater  of  Operations 

According  to  Gordon,*'  during  the  course  of  t^rstions  in  the  European 
theater,  only  two  cases  of  relapsing  fever  in  UJS.  troops  were  reported.  One 
ol  these  oocurred  in  Great  Britain  and  the  other  on  the  Continent.  A  patient 
who  had  been  in  Great  Britain  for  aonie  months  before  cmaet  of  qrmptoms  was 
admitted  to  the  280th  Station  Hospital  in  August  1044  with  a  febrile  illness 
which  was  diagnosed  as  relapsing  fever  wh«i  the  spirochetes  were  found  on 
dark-field  examination  and  mouse  inoculation  of  blood.  The  mode  of  infection 
was  unknown  in  this  instance,  the  patient  giving  no  history  of  attack  by  ticks  or 
lice.  Inasmuch  as  the  tick  vectors  are  not  ktiowm  to  occur  naturally  in  this  part 
of  the  world,  one  assumes  that  tbs  infection  was  lousebome.  Information  con- 
eeming  the  other  case  is  not  available. 


Africa-Middle  East 


During  the  period  from  IMS  through  1M6,  a  lousebome  epidemic  of  re¬ 
lapsing  fem  invnlving  several  thousand  persona,  mainly  civilians,  spread 
thnmi^  much  of  North  Africa  and  Egypt.  Epidemiologic  background  in- 
fnrmatinn  concerning  the  outbreak  is  given  by  Stuart  and  by  Gaud  and  co- 
wofkeca.**  During  the  period  from  September  through  December  IMS,  10 
cans  wera  reported  among  U.S.  troopo  at  Casablanea,  French  Morocco.**  The 
fact  that  the  ctviliaa  efHdenuo  did  not  become  a  military  medical  problem  in 
the  U.8.  troopa  was  pndMkUy  related  to  efforts  of  military  preventive  medicine 
whieh,  although  ainmd  primarily  against  lousebome  ^hus,  naturally  indoded 
moaontaa  dsaigaad  to  prevent  infeetathm  with  Ika 

Daring  the  eoane  of  the  e|ddearie  in  Egypt,  mmabere  of  the  United  States 
•f  America  lyphno  Conunimon  observed  and  treated  cases  of  lousebome  re- 


■CM.  W.  C  <aSMw)  :  Ttm  Prif  Uis  W  fSiUM  hi  th»  DbIM  Btata  kimr  Dwtw  WmM  Wu  11. 

im  rshMss  emm  mesftMt.  i  Mm.  lew  t*  i  oei.  leta.  n.  e  nr.  tonchu 

>*a«0m.  Me  n. :  A  Wlify  at  PrmattT*  Mneithu  tm  th»  nanjiai  XWlv  at  OearaWoha, 
UJS itm. mas-ts. rmLLttutrm. sa-ar.  tnnrtai ncarci 

■(1)  Shnrt  U.:  numahhl  Vhrar  Ih  Xarik  AMea  aas  Bafafa,  1SW-4S.  IrMmlol.  lafaraai. 
Um  ml  KM) :  ess-aea.  Jatr  ISaS.  <S)  CUaa,  K,  aaS  Xaasaa.  X.  T.:  »pHiulilit<Bal  Stair 
ar  mMaM  Mar  n  Baath  AMaa  <1S4S-U>.  BaU.  WaaM  BaaHh  Oraaa.  1 ;  aS-SS.  IMT-Se. 
<ai  Oasi.  K.  Kham  Bar.  IL.  aaS  TaaaU,  M.:  Tha  Bralattaa  a<  tha  m»aiw>«  at  laltmM  rrrtr. 


raiB.  1 :  SE-lSl,  ISaT-SS. 

IMkal  Data,  BaaAaaartaia,  AMaa-MMaia  Bast  Thaattr,  UA.  Anar,  far 
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lapsing  fever  occuring  among  the  native  population.  In  this  connection,  the 
observations  of  Zarafonetis  and  coworkers  are  especially  important.  They 
confirmed  and  amplified  the  findings  of  previous  investigators  showing  that 
sera  of  patients  with  lousebome  relapsing  fever  may  a^lutinate  Uacilhin  pro- 
teus  OX-K.  Tliey  pointed  out  that  it  is  therefore  necessary  to  interpret  Weil- 
Felix  OX-K  results  with  caution  in  areas  where  both  tsutsugamushi  disease  and 
relapsing  fever  are  present.  They  further  showed  that  relapsing  fever  does 
not  appear  to  interfere  with  Weil*Felix  OX-19  results,  or  with  complement 
fixation  tests  using  purified  rickettsial  antigens  in  the  diagnosis  of  epidemic 
lousebome  typhus. 

During  June  and  July  1044,  five  cases  of  relapsing  fever  in  U.S.  troops 
occurred  in  the  Kazvin  area,  Persian  Gulf  Command."  Althou^  the  men 
gave  no  history  of  bites  by  ticks  or  lice,  Aigasid  ticks  were  collected  in  buildings 
outside  and  inside  the  camp  area.  A  report  on  their  final  identification  is  not 
available,  but  it  is  noted  that  dead  ticks  were  found  after  barracks  had  been 
sprayed  with  5  percent  DDT  in  kerosene."  This  author  would  point  out  that 
a  known  tick  vector  in  this  area  is  Orruthodoros  tholozani  (Ijiboulbene  and 
Megnin),  of  which  Omithodoro$  papUUpcM  Simla  is  a  ^onym. 

China*BuniM*Iiidia 

According  to  preliminary  data  based  on  sample  tabulations  of  individual 
medical  records,  there  were  70  cases  of  relapsing  fever  among  n.S.  Army  per> 
sonnel  stationed  in  this  area  during  1942-45:  1942,  0;  1943,  4;  1944,  36;  and 
1945,  30.  Surprisingly  little  information  concerning  these  cases  is  available, 
and  Blumgart "  points  out  that  it  is  virtually  impossible  to  be  certain  that 
five  cases  reported  from  the  India-Burma  theater  were  actually  relapsing  fever. 
At  least  one  officer  was  known  to  have  reported  recurrent  malaria  as  relapsing 
fever.  The  majority  of  cases  in  n.S.  troops  apparently  occurred  in  China,  but 
information  concerning  them  is  scanty.  Although  lousebome  relapsing  fever 
was  <me  of  the  most  prevalent  diseases  noted  among  Chinese  treated  at  the  22d 
Field  Hospital,  Chan-i,  China,  the  only  case  among  American  personnel  was 
that  of  the  admisskm  clerk  who  woriced  in  cloee  contact  with  side  Chinese  sol¬ 
diers."  One  may  speculate,  therefore,  that  cases  in  the  UJS.  troops  were  prd[>- 
ably  lousebome,  inasmuch  as  this  type  of  spread  is  known  to  occur  in  China, 
and  furthermore  there  were  undoubtedly  opportunities  for  cmitsct  with  hrase- 
infMcd  Chinese  civilians  and  troops. 

••bnrMMtU.  C.  >.  D.,  iMtakan.  H.  U.  aaS  Btnr.  t.  T. :  WtU-IWIz  •»<  Tyii>—  OaiflMMt- 
nzatlM  Teats  la  Kalatalas  rarer,  Wttk  Saertel  Kefareace  to  M.  jKoteae  OX-K  AcMattaatlaa.  J. 
imbiosl  BSiiae-ife.  lUTCaiees. 

■  BwatUl  TMtaieal  Xe«tcal  Data,  HeaSaaartafa,  Ferriaa  Oalt  CeanBaaS,  ua.  Atmf.  <ata«  IS 
Seat.  IS44,  aaS  IS  Wee.  ISM.  laelaaare  4  tkereto. 

Letter.  Capt.  Iltaalac  A.  Priee,  SaC.  Malarlnlnttat.  to  CaaaaaSlic  Oeaenl,  Peealaa  Oalf 
CeawaaS.  1 1  Xor.  ISM,  aaSjeet :  lepart  at  Kalaria  laS  Lseae  Caetral  Aetlrlttea  for  Heath  at 
Oetaher. 

<•  Ueport  CaL  Hermaa  BhiBcart  HC.  MaSIcal  Ooaaallaat.  laHa-Banaa  Theater  tt  Ofentlaas 
(aboet  IB  Oct.  IS4fil,  aahjeet :  Uelapilic  Parer. 

M  Soeatlal  Teehateal  HeSteal  Data,  HeaSanartera.  U.S.  Forces,  Chlaa  Theater,  Bear  Kehelea.  far 
Harrh  1S4B.  Bated  ST  Apr.  IS4S. 
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Owiiip  to  pediciilofiis  of  Chinese  recruits  and  to  the  observed  incomplete¬ 
ness  of  delousiiig  iiieiisui'es  as  applietl  to  these  individuals  in  tlie  Chinese  Army, 
Chinese  troo]>s  ivere  a  source  of  material  for  the  clinical  study  of  relapsing 
fever  by  I'.S.  Army  Medical  Corps  personnel.  Tlie  main  problem  concerned 
cases  which  developed  in  Chinese  troops  in  India,  shortly  after  these  s^ddiers 
had  been  flown  over  the  Himalayan  **Hump’*  from  K'un-ming.  Occasional 
cases  among  Chinese  who  had  been  in  India  for  several  months  did  not  consti¬ 
tute  a  serious  health  problem. 

The  134  Chinese  recruits  treated  in  Assam  by  WoliT  *  showed,  as  a  group, 
signs  of  uuilniitritioii  and  multiple  vitamin  deficiencies  as  well  as  infe<‘tion 
with  intestinal  nematodes.  Diagnosis  of  relapsing  fever  was  based  on  demon¬ 
stration  of  spirochetes  in  blood  preparations,  inasmuch  as  the  clinical  picture 
had  to  be  differentiated  from  several  other  febrile  conditions  frequently  ob¬ 
served.  Specific  therapy  consisted  of  two  intravenous  injections,  each  0.04 
gm.  of  Mapharsen,  given  3  to  5  days  apart.  Convalescence  was  rapid  follow¬ 
ing  the  use  of  Mapharsen,  and  recovery  was  appamnlly  complete  in  a  few  days. 
Becutrences  were  noted  in  13  percent  of  cases  treated  in  this  manner.  Mor¬ 
tality  in  the  134  cases  was  11.9  percent,  which  was  lower  than  might  have  been 
expected  in  persons  whose  general  health  was  already  impaired  when  relapsing 
fever  was  contracted. 

Dillon  and  Fischer”  treated  more  than  250  cases  of  relapsing  fever  in 
Chinese  troops  whose  nutritional  status  was  poor  and  in  whom  the  rate  of 
infection  with  intestinal  parasites  was  high.  The  overall  mortality  rate  was 
2.8  percent.  Diagnosis  was  based  on  demonstration  of  spirochetes  iu  blood 
preparations.  Vaiying  doses  of  neoarsphenamine  were  used  for  speciflc  treat¬ 
ment  of  the  infection.  Because  of  low  relapse  rate,  low  mortality  rate,  aosencs 
of  complications,  and  convenience  of  dosage,  0.3  gm.  given  intravenously  was 
found  to  be  the  most  appropriate  dosage,  cm  the  basis  of  administration  to  108 
patients. 

CONCLUSIONS 

It  is  important  to  evaluate  tbs  risk  to  troops  operating  in  infected  areas. 
In  the  absence  of  refined  figures,  comparisons  of  approximate  figures  for  re¬ 
lapsing  fever  in  civilians  during  the  North  African  lousebome  epidemic  with 
approximate  figures  showing  negligible  rates  in  Ui4.  troops  in  the  same  area 
indicate  the  very  minor  risk  to  troops  who  are  properly  indoctrinated  and 
protected  against  louse  infestation  or  contact  with  hmsy  persons.  The  risk  of 
qioradic  cases  or  outbreaks  of  the  tickbome  disease  is  continually  present  in 
those  habitats  which  hsrbor  infected  ticks.  In  the  absence  of  any  effective 

"Waur,  B.  P. :  ASattv  adipUac  rmr:  Bcpait  af  IM  Caaaa  Traatai  WItk  Mapharaai.  Aaa. 

lat  IM.  24:  SOS-Sie.  FcSraarr  ISae.  (Akatr.:  BaU.  UB.  Armf  Med.  Devt.  4<S)  r  1S4-1SS. 

Aaewt  lt4S.) 

■  DUJaa,  J.  A.,  aid  PlarlMr,  W.  J.  H. :  Okafrrattaaa  aa  BatelMiae  PCTar.  PMd  Medical  BuUetla, 
Beadqaarteia,  Benrleei  aC  Bapplr.  U.8.  Anar  Pareae.  Cklaa-Banaa-Iadle.  ral.  S.  Xa.  S.  Aaeaat  1M4, 

ee.  ea-ee. 
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specific  vaccine,  prevention  of  human  infection  is  based  on  avoidance  of  con¬ 
tact  with  infected  lice  or  ticks. 

Owing  to  the  effectiveness  of  measutes  designed  to  prevent  troops  from 
attack  or  infestation  by  human  body  lice  and  by  OtiuthodorM  ticks,  relapsing 
fever  was  actually  of  minor  importance  among  U.S.  Army  personnel  during 
World  War  II.  The  main  contributions  of  personnel  of  the  U.S.  Army  Medi¬ 
cal  Department  ooocemed  specific  therapy  of  the  disease  with  various  arsenical 
prqmrations  and  with  penicillin. 


CHAPTER  IX 

Sandfly  Fever 

(Pappataci,  Phlebotomus,  Three-Day  Fever) 

lHanhall  Hertig,  Ph.  D.,  and  Albert  B.  Sabin,  MJ). 

Part  I.  History  of  Incidence,  IVevention,  and  Control 

MarahaU  Hertig,  Ph.  D. 


GENERAL  CONSIDERATIONS 

Sandfly  fever  is  %  short-term  febrile  disease  of  virus  etiolo^  transmiited 
by  the  bite  of  one  or  more  speeiee  of  sandflies  of  the  genus  /*Uehotom««.’  Al> 
though  there  are  no  fatalities  and  the  victims  are  incapacitated  usually  for  no 
more  than  1  w  2  weeks,  the  disease  is  potentially  of  grMt  military  importance. 
This  is  because  large  numbers  of  men  may  be  incapacitated  at  piedsely  the  time 
when  they  are  nrast  needed.  The  danger  would  be  especially  great  for  invading 
forces  which  had  not  been  previously  exposed  to  the  disease  and  would  tlierefare 
be  composed  of  nonimmune  persons.  The  defending  forces,  whether  composed 
of  natives  or  troops  who  had  been  in  the  r^rions  during  the  previous  sandfly 
season,  would  be  mostly  immune.  Since  the  incubation  period  is  very  short,  a 
matter  of  only  3  to  6  days,  it  would  be  possible  for  the  invaders  to  have  a  large 
fraction  of  their  forces  rendered  noneffective  in  the  first  critical  days  of  a 
campaign. 

Militaxy  Hisiwy 

Since  armies,  rather  than  resident  popuhtions,  have  been  the  chief,  or  at 
least  the  moat  spectacular  and  aiticnlate,  auflerers  from  sandfly  fever,  hs  his- 
toey  is  very  fauigely  milHaiy.  Ths  daa^  investigations  in  SalsBatia  on  the 
etiology  and  tranemiasioa  were  made  by  an  Austrian  military  eoansaiasion  eon- 
nating  of  Doerr,  Franx,  and  Taussig.*  Moat  of  the  later  esperimentalwoifc  on 
the  vims  and  its  tranamiaaion  has  been  performed  under  militaxy  auspecea. 
Soane  of  the  first  studies  on  the  Inonomics  of  f*Mshefos(Wf,  earned  out  by  various 


* Ww  Piniruwi  TifUsiisi  maiHts  (ts  mm  si.  s  Asa  isae. 

*nMir,  a.,  ntmm,  K,  uS  Tmmmit,  a:  MpeMMmaWi  Ub  MSMlHaH  DwIlSsiTWlf  ki 
RiitollackMi  KwtMoiMito  Onlimart  PssMsa  MpUs  S  WIm.  DmMMs,  ISSa 
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nritiAli  invMtigatore  in  Malta  liefore  World  War  I,’  were  stimulated  by  the 
severe  prolilems  of  sandfly  fever  and  sandfly  annoyance  in  local  military  estab¬ 
lishments.  A  lai^  pro|iortionof  onrepi<leniioloj;ic  information  has  come  from 
experiences  of  Ilritish  forces  at  military  stations  and  during  campaigns  in  the 
Me<Iiterraneaii  region,  tlie  Mi<kll«  Kast,  and  in  Indin.^  Americans  in  general 
had  had  no  experience  with  tlie  disease  before  World  War  II. 

The  military  importance  of  the  disease  in  all  cases  has  rested  on  the  central 
fact  that  during  the  sandfly  season  newcomers  could  suddenly  lie  rendered  non- 
effective  in  great  numbers.  This  has  applied  not  only  to  newly  arrived  foreign 
troops  but  also  to  natives  who  came  from  regions  where  the  disease  did  not  occur. 
For  example,  Indian  troops  from  certain  hill  regions  have  been  as  severely 
affected  as  the  British.  The  military  effect  s  have  ranged  from  interference  with 
routine  garrison  duties  and  training  schedules  and  temporary  overcrowding  of 
hospitals  to  ineffectiveness  in  combat.  Sinton*  gave  an  instance  from  the 
Waziristan  campaign  in  1017  where  a  battalion  was  attacked  almost  en  masse 
by  sandfly  fever  and  rendered  temporarily  unfit  for  further  service.  He  cited 
the  reports  of  others  that  the  disease  was  the  cause  of  “a  great  deal  of  ineffect  ive. 
ness  among  troops  of  the  Mesopotamian  Expeditionary  Force”  in  World  War  I, 
and  that  it  accounted  for  60  percent  of  the  cases  of  sickness  among  oversea  per¬ 
sonnel  of  the  Koyal  Air  Force.  In  Palestine  during  World  War  II,*  the  oper- 
aticni  of  air-training  schools  with  very  crowded  schedules  was  seriously  affected 
by  the  disease.  The  experience  of  the  UJS.  Army  in  World  War  II  in  which 
there  were  an  estimated  8,500  cases  of  sandfly  fever  in  tlte  Sicily  Campaign  and 
potentially  serious  outbreaks  on  the  Italian  mainland  is  reported  by  Sabin 
(pp.  168-174). 

Epidemiology 

Distribatioa. — Sandfly  fever  is  limited  chiefly  to  the  Old  World  between 
latitudes  20°  and  45°  north.  It  extends  from  the  Mediterranean  to  India  and 
Burma  and  possibly  to  China.  The  fdlowing  details  ns  to  distribution  are 
quoted  from  Sabin,  Philip,  and  Paul :  * 

TV  dlaaaaa  is  dsAalUly  kaowa  to  oenw  ia  Italr  as  far  aortli  as  the  Po  VaUcr,  Sieilr, 
aloag  tv  Adriatic  coast  of  TogoslaTia  as  (Sr  nortk  as  tks  Istrian  peoinsDls.  aresce. 


•  (1)  BIrt,  C  ;  PhtatotMiM  Wror  Is  Malts  asO  CrMr.  J.  Bar.  Army  M.  Corpa  14 :  Sas-SSS, 
ItlO.  (3)  KaaritMC  B.:  Tht  Papatad  niM  (PkMstsaim)  at  tka  Mallata  laiaato.  BaU.  Bat. 
■aa.  3;  4T-T8.  IStl.  <■)  Mantt.  P.  J.:  Ika  SMaaalas  aC  tha  Maltna  PMtoatato.  Brit.  MJ. 
3 ;  173-lTt.  Jair  ISIS. 

«  (1)  Blataa,  J.  A. ;  laSlaa  Spariaa  a(  tka  Oassa  PSIaSataaisa ;  Bala  a(  laaacta  tt  tha  Otaaa  PHi- 
hataaaa  aa  Oarriara  a(  Dlaaaaa.  With  Sparial  BriPrtaat  ta  laSla.  laMaa  J.M.  Baanrch  13 :  T41-TSa 
April  lt3S.  (3)  AaSaraaB.  W.  M.  B. :  ChaarTatlaaa  aa  P.  papafaaN  la  tha  Paahiwar  Dtattlct.  IsMaa 
J.]|.  Baattirh  3T ;  SST-SM.  Oetabar  Ittt. 

■  Sae  faataata  4(1). 

•  (1)  Bapart,  JA.  OoL  Baai  1..  OaaM.  MC.  BplS«aital>slat.  KpMraiMasr  Sactiaa.  IMk  KtOleal 
Oaaaral  Lakantarr.  4744  Madical  Caatca  (OVHD).  ta  Caasaadlas  oacar.  IBtk  MMUcal  Oasaral 
takaraterr.  14  Ori.  1444.  lakltct :  Trt4  ta  Jaraaalas  Is  Casarctlaa  WIUi  Saidf  m  aad  8aB4Sr  Pmr. 
(3)  Bapart.  MaJ.  MartoaU  Hartls.  4aC,  IBtk  MaBkal  Oasaral  Lakaratery.  4744  MedVl  Crslar 
(OTBO).  ta  Sarpeos.  Hartk  AMcaa  Tkaatar  at  Oparatlaaa,  IT.B.  Aray.  13  Oat.  1444.  asblact:  Trip  la 
Jaratalaa  la  (^sactlaB  WItk  Saadi  lai  asd  Baadly  Parar. 

r  SaMa.  A.  B..  PkUlp,  C.  B..  aad  Paal.  J.  B. :  Pklahatasioi  IPappatari  ar  Baadly)  Vtrtr :  A  DtaMat 
•t  MDItary  latpartaace ;  SaBsury  at  BztatIBt  Kaawjadga  aad  PicUalaary  Bi  part  at  Orlstaal  laraatl- 
SatlOBa.  JAAI.A.  133  ;  443-404,  d4S-444,  JSIy  1444. 
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Malta,  Crete,  Cyprua,  Egypti  Paleattoe,  Syria,  Iraq.  Peraia  (Iran),  Crimea  and  the  Trana- 
cancaalan  reclon,  and  the  northweat  and  eoitnU  provlncea  of  India.  There  are  alao  reporta 
which  would  ancfeat  that  thia  diaeaae  may  occur  in  China  as  fat  north  as  Peipins  and 
Tientain  and  aa  far  aonth  an  Honf  Kong,  in  Bnrma  along  the  coast  of  the  Bay  of  Bengal, 
in  Ceylon,  in  the  Poona  region  at  India,  in  Aden  and  along  the  adjacent  Ked  Sea  coast  of 
Arabia,  the  Angio-Bgyptlan  Sudan,  along  the  Mediterranean  coast  of  Africa — particularly 
the  eastern  portion,  Corsica,  the  Mediterranean  coast  of  France,  Oibraltar,  and  along  the 
Atlantic  coaet  of  PortngaL  Beports  of  a  similar  diaeaae  in  countries  lylug  Jnst  north  or 
south  of  the  Eqnator  bare  come  from  Kenya  and  the  Tanganyika  Territory  in  Africa  and 
from  the  region  of  Bolivar  (Colombia]  in  South  America.  The  diseoae  is  not  known  to 
occur  in  the  United  States. 

In  Panama,  there  occurs  sporadically  a  short-term  fever  which  is  clinically 
similar  to  sandfly  fever  and  which  has  at  times  been  diagnoeed  as  such.'  How¬ 
ever,  the  identity  of  this  disease  with  sandfly  fever  has  never  been  established 
nor,  so  far  as  known,  has  any  experimental  worit  with  Phlehotomu*  and  sand¬ 
fly  fever  ever  been  undertaken  in  the  Western  Hemisphere.  It  may  be  re¬ 
marked  that  in  Panama  there  are  a  number  of  species  of  PhUhototmu  which 
bite  man.  Their  distribution  is  sufficiently  wide  and  varied  as  to  habitats  to 
permit  their  oonmderation  as  vectors. 

In  the  Pacific  areas,  cases  of  sandfly  fever  were  reported  but  never  con¬ 
firmed  by  later  investigation,  as  shown  by  Lt.  Col.  (later  Col.)  Cornelias  B. 
Philip,  SnC  (pp.  123-124).  Hera  from  a  number  of  cases  were  shipped  to  the 
Hnit^  States  and  inoculated  into  volunteers.  Sera  from  the  Philippines  gave 
only  negative  results,  while  from  the  New  Guinea  specimens  four  strains  of 
typical  dengue  were  recovered. 

The  occurrence  of  sandfly  fever  in  the  Western  Hemisphere  and  in  the 
Pacific  remains  unproved. 

Symptemtolecy  ud  disgaseis  Clinically,  the  disease  is  characterised 
1^  sadden  onset,  fever  lasting  usually  about  3  ^ys  (whence  the  name  S-day 
fever)  ranging  from  100°  to  106°  F,,  with  severe  frontal  heedsche,  pun  in  tbo 
cyee,  photoidiobis,  pain  in  the  bock  and  joints,  and  general  malaise.  The 
disease  may  simulata  influensa,  other  respiratory  infections,  the  initial  stages 
of  other  febrile  disesaee,  and  may  be  ctmfused  with  dengue.  From  the  latter, 
it  may  usually  be  distinguished  by  the  absence  of  a  rash  and  the  shorter  febrile 
period. 

A  decrease  in  the  number  of  segmented  neutrophilcs  together  with  a  rdm- 
tive  and  abacdute  increase  of  immature  neatror>bilee  is  a  pbenonieDon  shown 
by  Sabin  and  others  (p.  110)  to  be  constant  in  sandfly  fever  and  an  important 
aid  in  diagnosis. 

There  is  no  distinctive  sign  or  specific  test,  end,  as  a  result,  diagnosis  is 
often  dififeult,  partkulariy  under  field  conditions.  The  practical  im|dications 
are  illustrated  by  the  Army's  experience  in  Sicily  where  many  undiagnosed 
febrile  cases,  which  were  undoubtedly  sandfly  fever,  were  treated  as  malaria  and 
needlessly  evacuated  to  North  Africa  (pp.  168-174). 


•ChMM>3r.  O..  ffiffid  Affiiiasffii.  O. :  Th»  IftoffitlicffitlMi  of  Tropkal  Fer^ni  of  Vim  aad  BkkotliUI 
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Imnviiitjr. — Native  populations  are  seldom  afTected  severely  by  sandfly 
fever.  Indeed,  the  people  may  hardly  be  aware  that  there  is  such  a  distinct 
disease  entity,  even  in  an  area  capable  of  producing  an  epidemic  among 
newcomers.  This  was  the  case  in  Naples  in  in44  (p..  121).  Tlie  scattered 
cases  which  were  found  among  civilians  by  systematic  search  had  been  at¬ 
tributed  to  colds  and  the  like  and  had  not  been  deemed  worthy  of  medical 
attention.  Infection  is  obviously  acqiiire«l  during  childhood,  with  a  coiisid- 
enible  degree  of  resulting  immunity  which  is  renewed  from  time  to  time  by 
subsequent  infections.  From  tlie  reiidinew  with  which  newcomers  may  con¬ 
tract  the  disease  in  the  absence  of  any  recognize<l  onlhreak  among  the  local 
population,  it  is  evident  that  op|>ortunities  for  reinfn-tioii  of  the  latter  are 
a  more  or  less  coiistaiil  feiilnre  of  the  e|>ideniiologv’. 

The  duration  of  the  immunity  in  an  adult  from  a  single  attack  has  been 
shown  ex|>erimentally  hy  Sabin  and  others  to  be  at  least  4  months  and  even 
as  long  as  2  years  ( p.  148),  but  that  it  may  have  disap])eared  after  4  to  7  years. 
In  any  case,  it  appears  that  the  immunity  from  a  single  attack  and  from  what¬ 
ever  reinfections  may  occur  naturally  is  such  that  tmiqw  who  remain  in  the 
same  area  are,  like  the  local  civilians,  little  troubled  by  sandfly  fever.  How¬ 
ever,  reports  of  secomi  attacks  in  the  same  season  nearly  always  have  been 
associated  with  a  change  of  station.  A  reasonable  explanation  for  such  re¬ 
peated  attacks  is  provided  by  the  demonstration  tliat  there  are  at  least  two 
immunologically  distinct  strains  in  the  Me<literraiiean  area;  namely,  the 
Sicilian-Middle  East  strain  recovered  in  1D4.%  and  the  Naples  strain  recovered 
in  t»44  (pp.  I6.'>-Ifia). 

Criteria  fer  the  ideatlfcatiMi  ef  the  viras. — Sabin  has  pointed  out  that 
the  ultimate  criterion  for  the  identification  of  a  given  strain  of  virus,  as  that 
of  sandfly  fever,  is  the  actual  demonstration  of  its  transmissibility  by  Phle- 
hotomm  (p.  132).  This  was  done  in  the  case  of  the  Middle  East  strain.  A 
procedure  of  this  sort  is  pomible  only  under  certain  special  conditions.  It 
was  not  fmible  in  the  ease  of  the  Naples  virus,  but  there  remains  iiu  reason¬ 
able  doubt  that  it  was  sandfly  fever.  Clinically  and  epidemiologically,  it 
followed  the  classic  pattern,  and  it  was  amply  shown  by  competent  observers 
to  be  associated  with  PhUhotomw  papatatii.  In  practice,  in  the  face  of  an 
outbreak  of  what  appeared  to  be  sandfly  fever,  control  mcMSuree  would,  of 
course,  be  instituted  as  soon  as  possible.  There  would  be  neither  neceesity 
nor  justification  to  await  the  definitive  demosistration  of  transmiesion  by 
PUebotonuu. 

The  following  seem  to  he  reasonable  grounda  for  assuming  a  given  out¬ 
break  to  be  sandfly  fever  and  for  proceeding  oii  that  assumption  with  what¬ 
ever  control  measuiw  are  feasible: 

1.  Corre^wndcnce  wRh  symptomatology  and  clinical  course  of  sandfly 
fever. 

2.  Occurrence  during  the  sandfly  seasrni  in  a  known  endemic  area. 

3.  Occurrence  in  newcomers,  with  the  local  population  apparently 
unaffected. 
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4.  Demonstrated  association  with  Phlebototnun,  especially  P.  papatcMli 
within  its  range*.  Sandflies  found  in  fair  abundance  either  in  ihe  act  of  biting 
at  night  or  at  rest  in  living  quarters  during  the  day.  It  would  usually  be 
possible  to  demonstrate  the  converse;  namely,  that  specific  quarters,  barraclcs, 
or  localities  with  little  or  no  disease  had  few  or  no  sandflies,  or  at  least  that 
P.  papataau  was  scarce  or  absent. 

5.  Prompt  cesaation  of  the  outbreak  on  the  application  of  control  meas¬ 
ures,  such  as  residual  DDT  (p.  121). 

Etiolt^  and  Transmission 

Doerr  and  others  (p.  109)  working  on  the  Dalmatian  coast  in  lOflS,  showed 
that  the  etiologic  agent  was  Alterable,  that  blood  taken  from  patients  on  the 
first  day  could  produce  the  disease  when  inoculated  into  other  persons,  and 
that  the  disease  could  be  transmitted  by  P.  papaiasii.  These  basic  facts  have 
been  cmifirmed  by  a  number  of  later  investigations*  in  the  Mediterranean, 
India,  and  Transcaucasia.  No  insect  other  than  Phlehotomtu  has  been  shown 
capable  of  transmitting  the  infection,  and  no  animal  other  than  man  is  known 
to  be  susceptible. 

laaect  vactar. — P.  papaUuii  is  the  species  with  which  all  recorded  experi¬ 
mental  infections  have  been  accomplished  and  is  the  species  which  has  been 
found  associated  with  the  disease  in  those  areas  where  sandfly  fever  has  been 
most  studied.  P.  papatani  is  one  of  the  most  widely  distribute  species  of  the 
genus  and  occurs  in  an  extraordinary  variety  of  habitats  from  the  Mediterranean 
to  the  western  half  of  India  (fig.  4).  Around  the  Mediterranean  littoral,  it  is 
found,  often  in  great  abundance,  in  rural  areas  as  well  as  in  the  heart  of  large 
cities,  such  as  Naples  and  Athens.  In  the  salt  desert  around  the  Dead  Sea, 
this  species  occurs  in  enormous  numbers  even  at  some  distance  from  human 
habitations.  In  certain  semidcsert  regkms  of  Turkmenistan,  it  has  been  found 
Ineeding  in  the  burrows  of  rodents.  The  possibility  that  other  qisciss  of 
PUsbotamuB  may  also  be  vectors  has  not  bm  investigated  experimentally. 
Outside  the  range  of  the  P.  papatatU,  for  example,  in  Burma  and  Giina,  if  the 
raprarted  disease  is  actually  sandfly  fsver,  otlmr  specica  must  nscesaarily  be 
involved. 

Ufa  hintary^— The  breeding  places  of  P.  papatatU  are  in  moist,  kwsa  soil 
in  dark,  humid,  sheltered  places  such  as  those  bwieath  stones,  in  masoniy 
crevices,  in  de^  soil  cracks,  or  in  animal  burrows.  The  female  eecutee  a  Uood 
meal  and  after  several  days  lays  a  batch  of  eggs,  a  procmi  which  may  be 
repeated  several  times.  The  mslea  do  not  sock  blood.  The  eggs  hstch  in  sboui 
lOdsys.  The  IsTvaesiescsvengetesnd  feed  on  insect  or  snimsl  feces,  dseaying 
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short  flight  range  has  been  noted  in  desert  habitats,  wltere  with  marked  sand¬ 
flies  a  range  of  1,500  meters  has  been  measured. 

Sandflies  have  often  been  kept  alive  in  the  laboratory  for  several  nreeks, 
and  it  is  supposed  that  this  reflects  their  longevity  in  nature.  With  suitable 
technique,  they  can  be  fed  repeatedly  in  the  laboratory,  and  it  is  known  (from 
the  state  of  the  ovaries  and  the  glands)  that  they  commonly  refeed  at  least 
once  in  nature,  a  point  of  importance  in  the  transmission  of  a  disease  from 
person  to  person. 

PhlebotomuM  and  the  vinu. — The  experimental  evidence  indicates  tliat 
sandflies  may  become  infective  about  a  week  after  they  have  fed  on  a  patient, 
but  the  e.Ytremes  of  time  required  for  the  development  of  the  virus  have  not  been 
determined.  Throufi^out  the  sandfly  season,  there  are  continuous  opportunities 
for  the  transmission  of  ti.i  virus  from  person  to  person.  Carrying  the  virus 
over  the  winter,  however,  has  been  more  difficult  to  explain.  The  virus  is  circu¬ 
lated  in  the  blood  of  man  for  only  2  or  3  days,  and  no  other  vertebrate  host  is 
known.  Early  in  the  study  of  the  disease,  it  was  suggested  that  the  sandfly 
larvae  might  become  infected  either  via  the  egg  or  by  eating  the  dead  bodies  of 
sandfly  adults  and  thus  carry  the  virus  through  the  winter.  Certain  investi¬ 
gators  have  succeeded  in  transmitting  the  disease  by  the  progeny  of 
infected  sandflies,  while  Sabin  and  others  have  failed. 

In  this  connection,  there  occurs  to  the  writer  a  point  which  he  has  not  seen 
distiii-scd ;  namely,  that  the  experimental  infection  of  sandfly  progeny  via  the 
larvae  may  happen  more  readily  with  a  generation  which  is  actually  destined  to 
overwinter.  P.  papataiii,  like  other  species  of  Phlehototmu  in  climates  with  a 
cold  winter,  exhibits  the  phenomenon  of  the  diapause;  that  is,  larvae  from 
eggs  laid  toward  the  end  of  the  sandfly  season  develop  normally  to  the  fourth 
instar  but  do  not  pupate  until  the  following  spring.  This  phenomenon  is  not 
the  response  of  the  individual  sandfly  larvae  to  lowered  temperature  or  other 
external  factors  but  is  characteristic  of  that  particular  generation.  In  the 
laboratory,  larvae  undergoing  the  diapause  stubbornly  persist  in  that  state  in 
spite  of  efforts  to  bring  them  out  of  it.  Overwinteriitg  larvae  should  be  com¬ 
pared  with  those  of  the  summer  generations  as  to  their  ability  to  harbor  tlte 
virus.  The  negative  translarval  Iransmission  experiments  of  Sabin  and  others 
(p.  110)  were  done  with  sandflies  reared  during  the  early  part  of  the  sandfly 
season.  Corresponding  data  for  the  positive  experiments  were  provided  by 
Whittingham  and  by  Moehkovsky  and  others  who^  however,  do  not  indicate  tbs 
time  of  year  when  their  studies  were  made. 

Wh^ver  the  factors  are  which  permit  the  virus  to  be  carried  over  to  the 
next  sandfly  generation,  it  has  been  demonstrated  that  it  can  happen  at  least 
part  of  the  time.  This  provides  the  most  likely  explanstion  of  how  the  virus  is 
carried  over  from  season  to  season. 

Cwitnl  mea tares. — ^The  first  really  effective  control  measure  against 
Phlebotomtu,  namely,  residual  DDT,  was  developed  and  tested  only  during 


■*Sn  footMte  8  (31  aad  (4).  p.  IIS. 


116 


I'OMMrXICABLF;  DISKAMK8 


World  War  II.  Control  measures,  togetlier  with  i)rotective  iiiensiirps,  are  dis¬ 
cussed  later. 

GEOGRAPHIC  DISTRIBUTION 

Tlie  principal  areas  wliere  sniiddy  fever  occurred  in  U.S.  troops  were  tlie 
Middle  East,  Cliina-Bumia-India,  and  Mediterranean  theaters.  In  jc^neraJ,  the 
disease  was  liiiiitetl  to  re(;ioiis  l«ni}(  kiuiwn  to  lie  eiideiiiic,  and  oiitlireaks  corre¬ 
sponded  with  the  seasoiiiil  prevalence  of  saiulHies  (PhMwfomun).  Whenever 
studies  were  iiinde,  usMK-iiitioii  of  the  disease  with  .sanilflies  wns  demonstrated. 
The  incidence  of  sandfly  fever  in  these  three  theaters  is  snininiirizetl  in  table  20. 


TAai.B  20. — tnridrnff  oj  taHitJfy  /retr  la  Ikf  I  '.S.  Army,  Ay  thraUr  or  area  and  year, 
trrrIliBliianr  daU  bwwd  on  f«ni|de  UbuliUlimii  of  individiiiil  nwdtcsl  reeordfll 
I  Koto  tX|»Mi»d  m  nninlMr  por  Minum  ptf  l,nuo  STorvin  iitrrn0h| 
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Bfiddle  Eart  Theater 

Paraiaa  Galf  CaauaaML — Middle  East  theater  had  a  hi|rher  rate 
of  aandllj  hme  than  any  other  theater.  The  Persian  Gulf  Command  had  a 
partieulai^  high  rate,  about  60  percent  more  than  that  of  the  theater  as  a 
whole.  The  great  majority  of  oaaea  oocumd  betweer  April  and  October,  with 
peaks  oocorring  from  June  to  August,  chiefly  in  August.” 

There  was  a  steady  decline  in  the  entire  theater  from  a  rate  of  70.13  per 
1^000  troope,  per  annum,  in  1042  to  3.42  per  1,000  in  1045.  Rates  in  the  Persian 
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Gulf  CommniK],  for  example,  ^'liicli  showed  a  peak  of  235  per  1,000  in  August 
1943,  reached  only  74.91  in  June  and  72.37  in  August  1944.  Tlie  annual  rates 
for  1943  and  1944  in  the  Persian  Gulf  Conunand  were  00.2  and  29.79,  respec¬ 
tively.  The  decrease  was  probably  due  both  to  improved  protective  and  con¬ 
trol  measures  and  to  the  steadily  increasing  proportion  of  immune  persons. 

British  Amy. — Sandfly  fever  was  also  a  problem  to  the  British  Army 
Middle  East  Forces,  with  a  rate  of  21.48  per  1,000  per  annum  in  1942.“  This 
covered  the  areas  of  Egypt,  Palestine,  Syria,  Cyprus,  Sudan,  Eritrea,  Malta, 
and  Aden.  An  outbreak  in  two  hospitals  in  the  huddle  East  (which  the  writer 
understands  were  in  Palestine)  was  reported  by  Cullinan  and  Whittaker.'* 
In  both  hospitals,  about  one-fourth  of  the  doctors  and  nurses  and  nearly  all 
the  ‘'other  ranks”  were  attacked.  On  a  single  day  in  one  hospital,  one-quarter 
of  the  total  strength  of  about  350  was  sick.  Of  1,910  patients  admitted  during 
the  3-month  period,  August  to  October  1942,  nearly  one-flfth  contracted  sandfly 
fever  after  admission.  The  height  of  the  epidemic  was  between  27  August  and 
10  September.  Cases  were  limited  chiefly  to  certain  wards  surrounded  by 
rabble,  while  others  with  “tidy  surroundings”  had  relatively  few.  Sandfly 
infestation  was  heavy.  A  notable  feature  was  that  second  attacks  occurred  in 
15  percent  of  the  cases  from  2  to  12  weeks  after  the  first,  with  occasionally  three 
separate  attacks. 

On  a  visit  to  Palestine  in  1944,  the  writer  was  informed  that  the  British 
had  been  hampered  by  sandfly  fever  in  1943-44  at  various  airfields,  particularly 
in  maintaining  schedules  at  air-training  schools  (p.  110). 

Cairo. — Cairo  provided  an  illustration  of  the  doasic  epidemiology  of  the 
disease."  Although  troops  quartered  in  Cairo  had  a  high  sandfly  fever  rate 
during  the  summers  of  1941, 1942,  and  1943,  the  disease  was  hardly  recognized 
ammig  the  native  population.  From  verbal  reports,  members  of  the  Ctunmis- 
sion  on  Ifearotropic  Virus  Diseases,  Army  Epidemiological  Board,  gathered 
that  the  disease  was  thought  to  be  one  of  childhood  but  that  almost  nothing 
was  known  of  its  prevalence  among  adult  civilians.  The  difficulty  of  diag¬ 
nosis  and  the  ease  with  which  the  disease  may  be  mistaken  lor  influenza  made 
it  seem  likely  that  many  cases  reported  as  influenza  might  actually  have  been 
sandfly  fever.  In  this  connection,  the  Commission  cited  the  moibidity  rates 
recorded  in  Egypt  for  1938  and  1939  which  showed  the  highest  influenza  fre¬ 
quency  and  the  next  to  lowest  nKUtality  in  the  month  of  July. 

American  troops  were  quartered  at  the  Metro  Banm^  near  Heliopolis, 
surrounded  I7  city  buildings,  vegetation,  and  trees.  In  spite  of  protective 
measures,  Philip,  Paul,  and  Sabin  r^Mited  that  the  incidence  of  sandfly  fever 
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in  lliiM  unit  tiiiriiit;  ihit  fall  of  llM:t  •|>proxiiiiati‘l,v  iipn'mt  of  iIm>  riiliiv 
coniiiiand.  Ihirini;  tin*  mium>  taiHimrr,  lirilwh  IrtMijM  al  ihrvr  iirfMii  raMpa, 
coniparabla  in  lu(*ation  an<l  vefprialHni  to  th«  IlHm  llam<-ki«.  alM>  ImiI  ona- 
aideralile  mnUfl.v  ifvn.  At  one  t-aniii,  llrlmirli,  thi>  iiK'nlrixv  antodc  tlip  (W- 
aonnel  of  one  koKpilal  waw  i>K|io(*ially  liifth.  nMMv  than  ImU  iIm-  tiAvris  iiurw>». 
and  otiirr  nnikx  having  nintrartfid  thr  <iiHHMr.“  In  iimiraiit  to  tin*  aiiiiatinn 
in  ('airo  itwif  waa  the  ex|>orimcr  of  tho  American  tmiia  at  Camp  Riiaaell  R. 
Huckatep,  a'hioli  liad  hren  retaliliithcd  in  tlte  tintert  almut  12  milcH  fm«i  Cairo. 
Thera  were  no  treea  or  otlier  \'eKHatMm.  !^n«llliet<  were  rare,  and  aandfly  ferar 
waa  practically  nonexiatenl. 

Vactar  ipaeiaa. — PMfhttfttmmu  papaftnlS,  one  of  ilie  imaa  wiileh  dia- 
tribiited  apecite  of  thia  itenua,  ia  practically  the  latly  one  wlih-h  liae  lirm  aaro- 
ciated  withmndlly  fereraml  ia  the  only  ftrored  rector;  that  ia,  iltetmly  one  with 
wliicli  experimental  trananiiaaion  to  man  haa  been  efected.  The  aperiea  ia  found 
throufrlaiut  the  Middle  Kant  and  waa  the  one  ahown  to  he  aaMicialeti  with  out- 
brraka  in  Paleetine  and  ('aim.  Information  was  ia<-kinir  about  the  i^eriflr 
aoeociathm  of  eandfliea  with  the  diaeaar  in  <ither  arraa  in  I  Ida  theuter. 

ChiiM'Rurma-fiMlM  Theater 

In  the  China-Burma-India  theater,  aandfly  fever  waa  lirat  repoeteii  in 
Sefitember  1942.  After  October,  no  further  cases  were  reported  until  Febru¬ 
ary  1043.  The  irreatfMt  incnlenra  oiwrml  from  May  to  July,  the  InS. 
aeanon.  In  1043,  several  explosive  outhreaks  ware  c^mAned  to  amsH  arraa, 
Aa  liiirii  aa  4tl  |ieivriil  of  tlie  memliera  of  one  ciaiinMntl  were  attacked  at  one 
time.'*  The  peak  in  each  year  was  in  July,  the  rates  f«ir  that  month  ia 
191.3, 1944,  and  1945hein|t,  respectively,  VTi.OO,  2t(.73,  and  4X1  tAA4  for  Ihnma- 
India)  per  1,000  tronpa.*' 

A  noteworthy  feature  of  aandfly  ferer  in  thia  thenter  was  that  ita  presence 
waa  detnondrated  in  arena  not  previoasly  thoufHit  to  be  endemh-.  It  had  htaa 
fCeneraily  stated  to  be  limited  to  the  nnrthweetem  part  of  India.  Iloweter. 
a  number  of  esam  were  reportad  fram  Calcatta  aad  elaewhere  ia  eastara 
India,**  and  in  Buraw  in  the  Uppar  Chindwin  aertiotk  around  Baanooa,  ia 
Mamklay,  and  akaiK  the  Slalwaen  River.**  Neverthelian.  IJJ4.  troape  in  Ammm 
and  northern  Burma  aera  aiafularly  frea  from  amdiy  fever,  aad  it  ia  yieatiaei- 
able  whether  the  dimaaa  uoenrred  in  theae  araaa.  A  dmenar  in  tha  ivpartad 
rata  per  l/WO  per  annnni  occurred  from  1943  to  1949  iu  the  Cliiuu-B»nau  India 
theater,  as  it  did  ia  the  Middla  Bust.  General  insert  control  laensnres.  •arh 
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u  the  use  of  DDT,  probably  contributed  to  the  lowered  incidence  during 
1945.  An  additional  tutor  was  that  during  the  summer  of  1945  only  a  small 
part  of  tlie  theater  strength  was  stationed  in  or  required  to  pass  through  areas 
where  P.  papaUuii  was  present. 

Vector  apceiee. — PhUhotomva  papatagii  is  common  in  northwestern  India 
but  is  not  known  to  occur  east  of  a  line  drawn  roughly  from  Delhi  to  Madras, 
with  the  exception  of  an  isolated  record  near  Calcutta.^"  Its  association  with 
sandfly  fever  in  northwestern  India  has  been  frequently  cited  in  the  literatiure. 
Shortt  and  others**  transmitted  the  disease  experimentally  by  the  bites  of 
P.  ptipatanil  fed  on  sandfly  fever  patients  in  Peshawar,  Northwest  Frontier 
Province.  In  the  eastern  half  of  India,  a  number  of  species  are  known  to  exist, 
and  at  least  three  species  have  been  found  in  Burma.”  There  is  no  informa¬ 
tion.  however,  as  to  specific  vectors  in  the  eastern  areaa 

Mediterranean  Theater 

The  invasion  of  North  Africa  in  November  1942  took  place  after  the  close 
of  the  sandfly  season.  No  cases  were  reported  until  July  1943.  A  peak  of 
admissions  occurred  in  September  when  the  rate  was  8.02  per  1,000  tro<^  per 
annum. 

Sidly. — In  the  Sicily  Campaign  during  the  summer  of  1943,  there  was 
a  combing  total  of  14,492  cases  diagnosed  as  sandfly  fever,  F.U.O.  (fever  of 
undetermined  origin),  and  malaria  (p.  172).  The  Commission  on  Neurotropic 
Vims  Diseases  visited  Sicily  in  the  latter  part  of  the  campaign  (pp.  168-174). 
It  was  apparent  that  a  large  proportion  of  the  undiagnosed  fevers,  and  also  of 
those  diagnoeed  aa  malaria  without  positive  blood  Alms,  were  probably  sandfly 
fever.  Indeed,  of  922  cases  of  the  same  group  of  fevers  which  were  carefully 
observed  at  one  hospital  in  Sicily,  637  were  sandfly  fever,  representing  an 
87.6-psrcent  proportion  of  the  total  caaes  (727)  of  sandfly  fever  (687),  F.U.O. 
(4),  and  unclassified  malaria  (negative  smear,  diagnosed  clinically)  (86).  If 
the  aame  proportimi  of  sandfly  fever  which  was  found  among  this  group  of 
"fevers’*  is  applied  to  the  "fever”  cases  in  the  campaign,  and  the  proportion 
held  throughout,  approximately  8,500  may  have  been  sandfly  fever.  Most  of 
the  American  medical  officers  had  had  no  previous  experience  with  sandfly 
fever,  but  after  the  first  few  weeks  they  b^an  to  recognise  it  more  readily  as 
a  distinct  entity.  The  serious  features  from  the  military  standpoint  wure  not 
only  the  loss  of  the  services  of  so  many  men  but  the  flict  that  many  were 
treated  at  malaria  cases  and  needlessly  evacuated  to  North  Ahrice.  The  Si¬ 
cilian  campaign  aflbrded  a  striking  illustration  of  the  serious  threat  which 
aandfly  fever  poees  for  an  invading  army  of  nonimmune  men  in  the  critical 
period  of  eetabliahing  e  beechbeed. 

>  eiatMi.  l.  JL ;  Mmm  m  Swm  IMIu  8eMw  «  Omm  PMHW—;  rmrtktr  iMHii  «(  Um 
fluaniiSIwl  laSUa  J.M.  Bwirte  14:  Ml-etS,  AeiU  ItST. 
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Epidemiologic  and  erUomologic  studies,  Italy,  1944 

The  Army  had  further  experience  with  sandfly  fever  on  the  Italian  main¬ 
land  in  1914.  Early  in  August,  Lt.  Col.  Boss  L.  Gauld,  MC,  15th  Medical 
General  I^boratoiyr,  Naples,  Italy  began  an  epidemiologic  study  of  the  disease. 
The  writer  was  on  temporary  duty  in  the  Mediterranean  area  from  the  last 
week  in  July  until  December  1944  for  the  purpoee  of  studying  Phlebotomus  in 
relation  to  sandfly  fever.  In  carrying  out  these  investigations,  Colonel  Gauld 
and  the  writer  made  a  number  of  journeys  to  various  parts  of  Italy  south  of 
the  Amo  River  and  to  Palestine.  The  following  discussiim  represents  first¬ 
hand  observations  or  information  received  in  the  course  of  thb  work,  which 
were  embodied  in  various  reports,  jointly  or  separately,  to  the  surgeon  of  the 
North  African  theater.” 

NAPLESXIASERTA  OUTBREAK 

In  1944,  a  few  cases  were  reported  in  June.  In  the  first  few  days  of  July, 
shortly  after  the  transfer  of  Headquarters,  North  African  Theater  of  Opera¬ 
tions,  U.S.  Army,  from  Algiers  to  Italy,  there  was  a  series  o!  sharp,  local  out¬ 
breaks  of  sandfly  fever  in  the  Naples-Caserta  area.  These  outbreaks  tended  to 
be  limited  to  certain  buildings,  in  which  as  many  as  one-third  or  even  more 
of  the  occupants  were  affected.  Frequently,  entire  ofEcee  were  seriously  crip- 
oled  at  a  critical  time.  For  example,  enlisted  men  of  Headquarters  were  bil¬ 
leted  in  the  huge  cavalry  barracks  across  the  street  from  the  “Palace”  at 
Caserta.  The  men  in  thb  building  (and  in  a  similar  one  occupied  by  the 
British)  were  most  affected.  Relatively  few  cases  occurred  among  the  officers 
billeted  in  the  town  or  in  the  “tent  city”  in  the  forest  behind  the  Palace. 
Troops  quartered  within  a  half  mile  of  the  cavalry  barracks,  as,  for  example, 
a  Women’s  Army  Corps  detadunent  in  the  hospital  area  in  the  Palace  grounds, 
had  very  few  cases.  In  the  heart  of  Naples,  in  certain  schook  used  as  barracks, 
personiMl  suffered  severely  for  several  weeks  before  control  measures  were 
carried  out.  A  large  number  of  Army  and  Navy  penonnel  engaged  in  the 
planning  of  the  inva8i(m  of  southern  France  were  quartered  in  the  “blodr- 
house,”  a  huge  building  in  the  form  of  a  hollow  square,  located  on  a  hilltop  in 
Naples.  The  work  was  seriously  threatened  at  an  extmnely  critical  period  by 
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an  outbreak  of  sandfly  fever.  Fortunately,  most  of  llie  cases  were  limited  to 
one  corner  of  the  building  (an  illiistratioii  of  the  slnirp  Incalizatimi  of  out¬ 
breaks  as  encountere<l  in  Italy).  There  were  certain  i-ooms  with  20  or  30  men 
ill  which  nearly  every  man  contracted  the  disease. 

First  use  of  DDT. — ^After  the  first  part  of  August  1044,  by  which  time 
control  measures,  including  the  spraying  of  quarteia  with  DDT,  had  been  put 
into  general  practice,  the  number  of  sharp  outbreaks  decreased.  That  this  de¬ 
crease  probably  was  not  seasonal  was  indicated  by  an  epidemic  in  one  unit 
quartered  in  an  apartment  building  in  Naples  about  three  blocks  from  the 
Peninsular  Base  Section  lieadquarters.  During  August,  when  no  control 
measures  were  being  taken  by  this  unit,  there  were  HO  cases  among  approxi¬ 
mately  100  officers  and  enlisted  men.  P.  pnpatiuii  was  found  in  the  sleeping 
quarters  which  occupied  the  fourth  floor,  showing  that  sandflies  can  be  found 
in  significant  numbers  some  distance  (at  least  50  feet)  above  ground  level, 
contrary  to  repeated  statements  in  the  lierature.  After  spraying  with  DDT, 
the  sandflies  disappeared  and  the  sandfly  fever  prmnptly  ceased. 

BARI  AND  “HEEL,”  ROME,  AND  SOUTH  OF  ARNO  RIVER 

In  Italy,  the  Naples-Caserta  area  was  by  far  the  most  severely  affected. 
At  several  installations  of  the  Twelfth  Air  Force  in  the  “heel”  southeast  of 
Bari,  there  were  scattered  cases  during  July  1044,  which  caused  some  concern. 
A  survey  of  the  Rome  area  in  mid- August  revealed  relatively  few  cases.  How¬ 
ever,  in  a  school  building  used  as  a  barracks  by  the  British,  an  outbreak  occurred 
similar  to  the  ones  experienced  by  American  troops  in  Naples,  but  m  a  much 
smaller  scale.  In  the  Fifth  Army  area,  a  sur%'ry  made  during  the  first 
week  in  September,  in  the  region  south  of  the  Amo  River  from  Florence  to 
Cecina,  showed  that  there  had  been  very  little  sandfly  fever.  Very  few  sandflies 
were  found  near  military  installations,  which  were  mostly  located  in  open 
country  or  woodland  away  from  towns  and  villages. 

SANDFLY  FEVER  IN  CIVIUAN  PWULATION 

IJttle  could  be  learned  from  Italian  sources  about  the  epidemiology  of 
sandfly  fever  in  Italy.  No  published  reports  were  located  at  the  time  these 
surveys  were  made,  although  several  such  retorts  were  snbeequently  found.** 
Physicians  in  Naples  and  Rome  had  general  or  ‘‘textbook”  infonnation  rather 
than  specific  knowledge  about  the  disease  in  their  own  cities.  The  population 
of  the  endemic  area  seemed  to  be  largely  immune,  and  casm  were  limited  to 
ctuldhood  infections  or  qwradic  casm  which  may  not  have  hem  reo«)gniied  as  a 
distinct  clinical  entity.  In  the  Naples  apartment  house  just  mentioned  where 
the  disease  occurred  in  a  military  unit,  an  investigation  was  made  of  drilian 
families  occupying  the  same  building.  The  survey  was  made  early  in  Septem- 
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her  1944  by  Italian  physicians  “bomiwed”  for  the  purpose  from  one  of  the 
Allied  agencies.  They  found  several  actual  cases  and  obtained  histories  of 
others  consistent  with  sandfly  fever  which  had  occurred  during  July  and 
August. 

The  cases  reported  for  the  Mediterranean  theater  in  1944  (a  total  of  4,363 
with  a  rate  of  6.72  per  1,000  per  annum)  were  mostly  from  Italy,  and  the  total 
number  which  occurred  was  undoubtedly  cmtsiderably  greater  than  that  re¬ 
ported.  In  the  Caserta-Naples  outbreak,  many  cases,  particularly  early  in 
July,  were  reported  as  F.U.O.,  even  though  many  medical  officers  recogniz^  at 
the  time  that  they  were  probably  dealing  with  sandfly  fever.  The  diagnosis 
of  sandfly  fever  was  made  more  freely  in  the  latter  part  of  the  summer. 

GREECE 

The  experience  of  the  Germans  in  the  Mediterranean  region  was  apparently 
comparable  to  that  of  the  Allies,  though  there  are  few  data  available.  Hall- 
mann  *  reported  that  on  the  Greek  mainland  in  the  Athens  district  and  on  the 
islands  about  20  percent  of  the  German  troops  had  sandfly  fever  in  July  and 
August  1941. 

The  writer,  while  engaged  in  woric  on  PUthoUmru  and  DDT  in  Greece 
in  1948,**  leamed  that  the  Germans  who  were  quartered  in  Ellinikte,  a  subiiib 
of  Athens  near  the  sea,  were  troubled  with  sandfly  fever.  This  suburb  oon- 
sisted  of  substantial  houses  surrounded  by  open  spaces  and  gardens.  In  1948, 
the  British  troops  quartered  in  the  same  suburb  also  were  considerably  affected 
by  the  disease.  DDT  had  become  available  by  that  time,  and  its  applicatioa 
promptly  put  an  end  to  the  difficulty.  In  1948,  with  no  organised  qmiying 
for  at  least  a  year  mr  two,  the  writer  found  that  P.  papatMn  were  extremely 
abundant  in  some  houses. 

It  was  also  leamed  that  about  one-fourth  of  the  personnel  of  the  United 
Nations  Relief  and  Rehabilitaticm  Administration  living  in  the  Athens  area 
had  sandfly  fever  in  1945.  Their  quarters  were  sprayed  with  DDT  in  1946, 
and  no  further  cases  were  reported  among  2J)00  emp]o3ree8.  After  1946,  the 
use  of  DDT  had  ’  ^ome  general  in  all  Greek,  American,  and  British  military 
installatifHis,  sr  irom  all  available  reports  in  1948,  sandfly  fever  was  very  rare. 

Vector  species 

In  Italy  in  1944,  P.  papatasU  was  found  associated  with  sandfly  fever  out¬ 
breaks  wherever  entomologic  investigatioas  were  mads.  The  speeieB  was  abun¬ 
dant  and  was  practically  the  only  one  found  in  the  affected  buildings  in  Naidee 
and  Caeerta.  A  numbu  of  buildings  in  whiefa  then  had  been  few  or  no  easm 
yielded  no  eandfliee.  In  the  Bari  section,  P.  popatasii  in  nnall  numbers  was 
the  only  species  found.  While  this  species  oocnie  throughout  Italy  sud  ie 
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often  the  dominant  speciee,  it  is  rather  irre^lar  in  its  distribution.  For  ex> 
ample,  in  an  agricultural  village  near  Xaples,  sandflies  were  moderately  abun¬ 
dant,  chiefly  in  stablee.  The  principal  species  was  PKUbotomtu  pemioionu 
with  only  a  scattering  of  P.  fopataaii.  These  two  species  were  occasicmally 
found  in  small  numbers  in  buildings  or  masonry  ruins  in  Rome.  In  the  Fifth 
U.S.  Army  area  south  of  the  Amo,  where  there  was  little  sandfly  fever  among 
troops,  P.  papattuU  was  rare,  while  P.  pemieionu  and  Phlebotomua  perflieioi 
were  fairly  abundant,  especially  in  stables.  Until  actual  transmission  experi¬ 
ments  are  undertaken  with  these  and  other  species,  they  cannot  be  ruled  out 
as  vectors  of  sandfly  fever.  So  far  as  Italy  was  concerned,  however,  Army 
experience  confirmed  the  reported  cloee  association  of  P.  papatatii  with  the 
disease. 

Sirains  of  virut  and  immunity 

The  Commission  on  Keurotropic  Virus  Diseases,  Army  Epidemiological 
Board,  obtained  immunolopcally  identical  strains  of  sandfly  fever  virus  from 
Sicily  and  the  Middle  East  in  1948.  A  strain  from  Naples  obtained  in  1944 
was  found  to  be  distinct,  with  no  cross-immunity  with  the  other  strains  (p. 
107).  This  has  some  bearing  on  the  general  question  of  repeated  attacks  of 
sandfly  fever.  Reports  from  Italy  and  the  Middle  East,  and  information 
from  British  sourcee  in  regard  to  West  Africa,*'  indicated  that  second  attacks 
had  occurred  in  the  same  season,  especially  following  a  change  of  station.  In 
general,  the  evidence  from  both  mvilians  and  troops  who  remained  in  an  area 
for  successive  yean  indicated  that  one  attack  confcn  a  high  degree  of  immmiity. 

Pacific  Areas 

No  authentic  case  of  sandfly  fever  is  known  to  have  oocorred  either  in 
Army  personnel  or  in  mvilians  during  military  operations  in  the  Southwest 
Pacific,  Central  Pacific,  or  Western  Pacific  Areas.**  Reports  of  some  eases 
were  made,  but  none  was  cmifinned  on  further  investigation. 

Japan. — ^This  was  the  only  area  in  the  Pacific  for  which  intelligence  re¬ 
ports  indicated  that  sandfly  fever  had  oocnrred  previously.  Reports  stated 
that  the  disease  was  'prevalent  over  practically  all  of  the  southern  part  of 
the  Japanese  Empire.”  **  If  sandfly  fevw  did  occur  there,  the  oocnpatkii  ly 
UJS.  forces  was  too  late  in  the  season  to  encounter  it  Lomited  inqmry  among 
the  responsible  medical  profession  in  Tokyo  failed  to  elicit  confirmation  of 
the  presence  of  the  disease  in  Japan,  though  occurrence  of  dengue  and  other 
confusing  febrile  conditions  was  admitted. 
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ABstralia  and  the  Philippin«a. — In  Australia  and  >'  he  Philippines,  three 
and  seven  species  of  FMebotomus,  respectively,  had  been  described.  Only 
one  species  in  each  country,  however,  had  been  recorded  as  attacking  man. 
The  one  in  Australia  is  so  limited  seasonally  and  geographically  as  not  to 
constitute  a  problem  in  disease  transmission.  The  species  in  Uie  Philippines 
has  been  rei>ortf)d  as  more  common  in  certain  areas  at  the  proper  season  and 
was  found  actually  biting  troops  in  the  San  Jose  area  of  Mindoro  at  a  time 
when  F.U.O.'s  were  recorded  at  the  13th  and  165th  Station  Hospitals.  Early 
in  the  action  of  the  Western  Visayan  Task  Force  on  the  beachhead  in  this 
location,  20  cases  of  sandfly  fever  for  the  4-week  period  ending  on  23  Febru¬ 
ary  1045  were  reported  to  the  Office  of  the  Chief  Surgeon  by  a  portable  surgical 
hospital.  Most  of  the  cases  were  later  proved  to  be  infectious  hepatitis  in 
the  preicteric  phase.  Nevertheless,  many  cases  of  F.U.O.  and  denguelike 
fever,  on  which  terminal  diagnosis  could  not  be  changed,  continued  to  be 
reported  as  sandfly  fever  by  hospitals  in  this  and  other  areas  of  the  Philip¬ 
pine  Islands.  Thirteen  iced  sera  of  patients  in  the  febrile  stage  at  tlie  13th 
and  165th  Station  Hospitals,  Mindoro,  were  forwarded  by  Army  courier  on 
10  April  1045  for  study  by  the  Army  Epidemiological  Board  in  cmmection 
with  ail  ex|ierinienta]  a-ssiiy  of  saiiilfly  fever  and  dengue.  Results  of  inocula¬ 
tion  of  two  volunteers  with  a  pool  of  two  of  theee  sera  were  negative.  The 
occurrence  of  sandfly  fever  in  the  Philippine  Islands  remains  doubtful. 

New  GaiMa. — Many  reports  of  ‘‘sandfly  bites”  were  received  from  troops 
in  beach  areas,  particularly  at  (Iro  Bay  and  Finschhafen.  The  only  area  in 
the  mountains  from  which  similar  reports  were  received  was  Hollandia.  In 
view  of  denguelike  fevers  and  F.tJ.O.’s  continuously  reported  in  troops  at 
the  various  bases,  theee  reports  were  closely  checked  and  were  found  in  all 
instances  to  be  due  to  minute  biting  flies  related  to  Ctdicoidet  which  are  often 
called  “sandfliee”  in  the  United  States.  Tlie  capability  of  theee  flies  to  trans¬ 
mit  sandfly  fever  is  unknown.  Two  undescribeil  species  of  PhJehotomu*  were 
found  to  to  abundant  in  the  foreeted  areas  over  most  of  New  Guinea  during 
and  following  the  rainy  eeason.  They  were  never  taken  in  the  act  of  biting, 
and  troope  on  maneuvers  or  patrol  in  theee  places  never  reported  bites  of  a 
nature  attributable  to  Phlebotomtu.  It  was  presumed  that  the  fmalca,  which 
were  captured  after  recent  feeding,  had  fed  on  reptiles  or  other  local  vertebrate 
fauna  and  not  on  man. 

Sera  from  patients  with  fevers  of  short  duration  and  doubtful  diagnosis 
were  returned  from  New  Guinea  courier  for  use  in  volunteers  in  the  afore¬ 
mentioned  stiidy.  Four  atxains  of  typical  dengue  were  recovered,  but  no  serum 
produced  sandfly  fever.** 

AHhongfa  cams  of  amdfly  fevor  wen  reported  at  certain  bases  in  New 
Guinea,  then  was  no  presomptive  evidence  that  the  disease  occurred  in  tnxqa 
during  action  in  New  Guinea  and  adjacent  islands  in  the  Southwest  Pacito 
Area. 
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CONTROL  AND  PROTECTIVE  MEASURES 

Before  the  war,  no  reliable  method  of  controlling  Phlehotomua  was  known. 
In  the  Mediterranean  and  the  Middle  East,  the  British  for  mi^ny  years  had 
practiced  certain  palliative  measures,  such  as  removing  nM>le,  cementing 
masonry  cracks,  and  treating  soil,  particularly  cracked  soil,  around  barracks 
with  creosote  or  oil.  Protective  measures  consbted  chiefly  of  the  use  of  fine- 
mesh  bednets,  the  importance  of  which  has  long  been  recognized.  Strong 
currents  of  air,  either  natural  or  produced  mechanically,  were  found  to  be 
of  some  value.  Direct  killing  by  means  of  sprays  was  also  employed.  The 
only  repellent  available  was  citronella  oil,  of  rather  limited  usefulness. 

Repellents 

At  the  beginning  of  the  war,  insect  repellents  became  tlie  subject  of  in¬ 
tensive  research  by  Government  agencies  and  the  Armed  Forces,  chiefly  in 
connection  with  mosquitoes  and  malaria.  New  repellents  were  adopted  by 
the  Army  in  1942  and  were  issued  toward  the  end  of  that  year.  Indalone 
(butopyronoxyl),  the  first  repellent  issued,  was  superseded  early  in  194.?  by 
the  much  more  effective  Rutgers  612  (2-ethyl-l,3-hexanediol),  and  by  dimethyl 
phthalate.  These  in  turn,  as  stocks  were  used  up,  were  replaced  by  a  6-2-2 
mixture  of  dimethyl  phthalate,  "612,”  and  Indalone;  this  mixture  was  adopted 
late  in  1943. 

Experiaeatal  tMts.— Studies  carried  out  by  the  Commission  on  Neuro- 
tropic  Virus  Diseases,  Army  Epidemiological  Board,  in  Cairo  in  1043  showed 
diinethyl  phthalate  to  be  effective  against  F.  fafotani  for  a  period  of  5  to  T 
hours.  In  an  experiment  involving  two  groups  of  soldiers,  cases  of  sandfly 
fever  in  a  group  which  used  the  repellent  were  markedly  fewer  than  in  one 
which  did  not 

Tests  of  repellenta  "612,”  dimethyl  phthalate,  and  the  6-2-2  mixture  car¬ 
ried  out  in  PSru  in  1944  ”  showed  thirt  all  three  were  approximately  of  e«}aa] 
effectiveness  against  local  species  of  PhjMHttotmu.  They  gave  protection  for  at 
least  A  hours  and  at  times  for  as  long  as  i  hours.  TheM  repellmits,  developed 
for  protection  against  mosquitoes,  proved  to  be  even  mote  effective  against 
sandflies. 

It  was  the  personal  experience  of  those  conducting  investigations  in  Pem,* 
Italy,  and  Palestine  that  oonsoentioos  use  of  any  of  the  Army  r^wUents  pto- 
rdded  complete  {Rotection  against  sandfly  bites.  However,  it  was  the  practi¬ 
cally  universal  experience  during  the  war  that  it  was  diAeuh  to  get  troops  to 
■as  repelleids  against  either  mosquitoes  or  sandflies  exoq[>t  when  the  men  were 
suffering  pronouiMed  aimoyanoe  from  insect  lutes. 
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PROTECTIVE  MEASURES  IN  VARIOUS  THEATERS 

Prior  to  the  introduotinii  of  DDT  in  1044,  tlie  protective  measures  ajpiinst 
sandflies  employed  by  the  IJ.S.  Army  consisted  of  the  use  of  ( 1)  the  sandfly  net 
(about  60  meshes  to  the  liiietkr  inch)  which  was  issued  instead  of  the  mosquito 
bar  made  of  ordinaty  iiettiufr  (about  18  meslies  to  the  inch),  (2)  repellents, 
and  (3)  pyretlirum  sprays  or  the  Freoii-pyretlinini  aerosol  bomb.  Kemoving 
or  oiling;  nibbish  heaps  and  nibble  and  oilinfc  areas  around  tents  and  buildings 
were  occasionally  carried  out.” 

India, — In  India  in  1943  and  1944,  no  siiecial  protective  measures  against 
sandflies  were  iiseil.  Ilediiets  were  not  of  the  flne-niesli  type.  Repellents  and 
insecticides,  tboiigb  used  as  general  measures  against  insects,  were  not  issued 
in  sufficient  quantity  until  Inter.  In  1945,  DDT  residual  spray  was  coniiiionly 
employed  throughout  tlie  theater,  both  in  military  installations  and  in  nearby 
native  dwellings. 

Italy. — In  Italy,  antisandfly  niuasures  were  instituted  within  a  short  time 
after  the  outbreak  of  sandfly  fever  early  in  .Inly  1944.  They  consisted  chiefly 
of  the  use  of  repellents,  sandfly  nets,  and  the  aerosol  bomb,  and,  in  some  cases, 
spraying  with  DDT.  In  the  surveys  made  by  the  writer  in  August  1944,  it 
was  found  that  there  was  considerable  carelessness  and  irregularity  in  the  use, 
maintenance,  and  method  of  using  liednets.  Also,  a  number  of  the  nets  were 
of  the  coarse-mesh  type,  which  provided  no  protection  against  sandflies.  Be* 
pellents  were  not  being  systematically  applietl  by  the  troops.  Efforts  were 
made  to  correct  these  conditions,  with  some  siicoess.  Very  few  of  the  U.S. 
personnel,  including  medical  officers,  had  any  real  information  about  sandflies 
or  even  any  idea  of  what  they  looked  like,  although  in  a  number  of  instances 
sandflies  were  abundant  and  in  plain  siglit  on  sinonth  white  walls  ueac  beds. 
The  demonstration  to  both  officers  and  enlisted  men  of  live  sandflies  and  how 
to  look  for  them  was  found  to  be  a  great  aid  in  arousing  interest  and  securing 
cooperation  in  carrying  out  protective  measures.” 

The  results  of  the  Freon-pyrethnim  aerosol  bomb  were  not  evaluated  at 
the  time  in  terms  of  sandfly  reduction.  It  is  known,  however,  from  studies 
made  in  Pent  that  thorough  spraying  with  pyrethnun  or  with  the  aerosol 
bomb  provides  a  high  degree  of  protection  for  a  number  of  hours  or  even  an 
entire  night. 

DDT  la  Italy, — ^The  residual  spraying  of  quarters  with  DDT  was  prac¬ 
ticed  on  an  increasing  scale  in  Italy  during  the  summer  of  1944,  usually  in 
connection  with  malaria  control.  By  the  Rrst  of  August,  it  had  become  virtually 
routine  to  use  DDT  wherever  outbreaks  of  sandfly  fever  appeared.  The  DDT, 
combined  with  other  protective  measures,  usually  caused  a  prompt  improve¬ 
ment  of  the  situation.  In  studies  made  during  the  latter  part  of  the  summer, 
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it  was  found  that  wherever  DDT  spraying  Imd  been  adequately  carried  out, 
sandfly  fever  had  ceased,  and  no  more  sandflies  were  to  be  found.  The  spraying 
was  not  always  done  well.  For  example,  the  cavalry  barracks  at  Caserta  were 
sprayed  within  2  weeks  after  the  outbreak  began,  with  some  improvement  in 
the  sandfly  fever  situation.  However,  only  hand  sprayers  were  available  for 
treating  this  large  structure  which  had  very  high  ceilings.  The  result  was 
that  only  about  one-quarter  of  the  necessary  quantity  of  DDT  was  applied,  and 
the  coverage  was  very  uneven.  Sandflies  continued  to  be  moderately  abundant 
in  the  building.  The  spraying  was  clone  again,  more  thoroughly,  and  the 
sandflies  disappeared. 

Controlled  experiments  were  not  possible  in  military  installations  where 
all  available  protective  measures  were  used  simultaneously.  However,  obser¬ 
vations  at  various  places  in  Italy,  where  DDT  spraying  was  done  either  in 
connection  with  sandfly  fever  or  for  other  purposes,  together  with  the  experi¬ 
mental  work  to  be  discussed,  warrant  the  cxtnciusion  that  DDT  residual  spray 
was  the  most  effective  single  method  of  sandfly  control. 

Experimental  Studies  With  DDT 

Preliminary  experiments  with  DDT  residual  spray  in  Peru  in  1944  gave 
promising  results.  The  flight  habits  of  all  known  species  of  PMehotomm 
render  them  extremely  vulnerable  to  the  residual  action  of  DDT.  They  proceed 
normally  by  means  of  very  short  flights  with  relatively  long  pauses,  so  that  in 
the  process  of  entering  a  building  they  spend  considerable  time  on  both  the 
outer  and  inner  walls  before  attempting  to  feed  (fig.  5) . 

Toxicity  of  DDT  for  PUebotamuu. — In  Italy,  it  was  found  that  contact 
for  2  or  3  minutes  with  residual  DDT  caused  agitation  of  sandflies  and  that  in 
the  case  of  two  species  a  lethal  dose  was  secured  within  6  to  15  minutes;  P. 
papattuii.  however,  required  from  15  to  30  minutes. 

Exporiaoata,  Naples. — Spraying  the  outer  walls  of  stone  stables  in  a 
village  near  Naples  reduced  to  strai^lers  the  sandflies  which  could  be  found 
inside,  while  normal  numbers  were  found  in  untreated  buildings.  P.  pemieionu 
was  the  principal  species  in  this  area.  The  effect  lasted  throughout  the  4  to  5 
weeks  of  observation. 

BxpcriaMRta,  Palest  it.— In  Palestine,  controlled  experiments  were  car¬ 
ried  out  near  the  Dead  Sea  in  October  and  November  1944  **  where  P.  papateuti 
is  extremely  abundant  (fig.  6).  It  was  found  that  spraying  the  inner  walls 
and  ceilings  of  buildings  provided  complete  control,  with  no  bites  reported, 
while  spraying  the  outer  walls  or  merely  tlm  doors  and  windows,  together  with 
a  foot  or  two  of  the  wall  surrounding  such  openings,  reduced  sandflies  by  about 
T6  percent  and  gave  comparative  freedom  from  bites.  An  experiment  with 
sprayed  tents,  although  interrupted,  indicated  that  the  results  would  be  com¬ 
parable.  It  was  reconunended  that  rooms  be  sprayed  inside,  together  with  open- 
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ih»  viMt*  111  l’«*rirliy  )Jh‘  %vriiiif  iii  {dlj'  fliWl  it  «vt»sf  1i‘(rt'iu*<!  tlmi  i-oniwtl 

itf  Imtli  MiHijlfit’'*  iiitil  1*1 -tW"  iwin»irt»*.,  OiM*  |thijti*i‘t  hitil  l<»r- 

iHitijiitfl  tti  r.Mli,  I'lt*  n.niiUicl’  iisfi!  liinm  j-inrlvil in  Two  liniji'niji  wi*ii*  hi  ■" 

nlwntiiim  oi  fii.'iii  "  iiiiil  »<■»  Iik+ioiw4I<>?<5)<  •>(••  irt^iutiaHtnuw 

‘  ■'  . 

’C’wlfi ‘.%wli»ia,  and  Itiilj',  Thf*  WTiU'r  1«ik  tmii.irtliiT  ofifmi''  '  ' 

4  in-itivw,,i«»iii  cni  tin*  ituHiiUttMl  .nin}  iti  t'n'tp  iirtfflS 

;(|i;  jJiHsml  4 tfiit' I -irf  -1  *1>T- oh  ihi*  iiriu')’  ««!)*>  nwl. 

roilini*:'  »T  hoiirt*'  ijiniiHiirity  for  malum  1*0111  niii  (tstil  mlitml  fintfuiftm. 
wiiJisjt  i!)s*')*jii'-;(ywj  ryitilr  Hft*,y  iilmniljiist'  in  .mihm'- 

ftl-jiiarr?!,  '  5I(»t  of  (lir  villajicy  sjii-:iy»>il  ilitritiu  ••  ti.MiM'rsilivr 

’•m-i,  ii  tv.i.  fhriuiivrtsal  ri*srtiitom- iliii!  namltlirM  Iiidi  lim  finil 

jit-iiftr'  widi  ilH*  (fi-si  suniyiiijr.  Tltr  doinioaiK  ^-amlflv  in  itl 

aiva-  i>  ifufttucil,  Diirmo  ilu*  suim*  .iniHi>w‘r.  it  wa~  fiiiiint  lioilt  in  iSar- 

mill  ill  (Id*  Isrtriaii  Pi'oi  iiii-{*  of  AlirtiJizi  llml  tlw*  :»(if41i*;tlj<Hi  of  1>[>T  liiol 
}ia<l  it  slsnilai- ili'VjMiiliiio  i*jfi-i*i  tm  I'hli htitmunx. 


'hwSmi 


•  <>M  VII  >!<  ^lU  I  Jijs*  \>r> 


i  .  I.t-x'V hiiil-v|,i<rt«‘  W«ll.-  -I*!!  I'iv.-ir -imil  vl'fi,);H'un'  > 


' Phlyhn<„,i,,4^-  U\  iiyi|»ii'il|  vtJ.i>4l  4[I'IU}*»'I*:»)»-  tVirilHls,  (In'  wriil'r  rtili-ritrl-i.  il 

I  hill  'TiiKlflMs  jiri« v\t  mtivl.v  « (vi  iittil  itnil 

ri  'inirU' j!lvf»iiv!ii'H>ii',  fii:f'f4v|;nlily  Ih'I'vw  till'  wiinjlli  w  ill  nivt'  vif- 

I  'vltljsli'lv  t'*nr(  i;«l  (v  illiift  (U-  itlliiT  ImiJiHflJi.'  :uwli,  IM  sin- rtf 

I'tilHpriv.!  v'»»iHUnHi.il !»>>,■» Uh'i«  ljK‘;uv;l  !»&  \tcll,  • 

'  Fi*r  irtitiTni'i  4v(fi*r:iri(t)i.-  ;n  iliiitj  n..  -.-nnllly  ai'f.U'iiiv  ttriun;  ttnulii 
lijr'inl  i  li.-ri  ill -aiWiitviii -iiv  (1«>  .I'on-v'ft'iiiiivd'-  iM'  nf  litv  iw'ii-Hiv*,  jiil 

'I'v'iM'iy  -.auvijly  ivt'l*  ai'i'4isi)i  iHittrU.  itn>  4vf  all 

tif  Ininiy  ijtiiirtcr-  suni  Kliirtwl  .-lu'llnfs  ltp 
Irsailv'il  n  ii  li  IHI!  lit'f'ii't' 'v*:? H4,  ut"  ji*»  viiim  n*"  iwi^silVln  if 

!  In*  '••M'-wi-  1i:i»  rilrt’sitiy  I  )«*,  vlaHirnr  hotit  >;uti!t!y  IVvot"  whsiT*!  tn* 

'••(■v'al  in  Uitililfiiir-.  ii-i  i-mly  v uf  -liH  fn  li«-u( 

MW'S"  niiiftl  h.'fvn  Hie  jf t'-i  oinfi-t'iii  nil imt  tii'  '-•mkIiIh''.  ^4)nt 

MjiMyn-i  ivf  .  . 

Jiinglp  «r  Tsfcst.  Hi  (niiijU'- T.v  )'.«•» -i ilic  ilaia  an  f  iiTn'i  -.-sitty  m 
n’jpini  li»  T-ninllly  >‘i>i!(r«il.  U<i«v*v«vr;  'vitli  iht  nf  tn 

"'•vfii!!.  ifinl  (t»riir,il  Xiiivina.  iIm-h'  nti' mti  Kinn\ti  in  lie  jinv  .'v'tiintv.'' MimilU 
pr  •ii..'inL.  iti  ••ui-lt  IwiMi.'st'.  '( In*  '|ir;ti;  inn  of  iiinal**'  finiu  rin'.itu',  w  titvSi  wisvi 
i'  vl  v*~t  inali’*!  aiiii  iri'tl  fnr  lUfvstjuUvV-  *'«m(  rwl  dtiruin-  XVivrIiI' 
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War  II,  would  also  doubtless  destroy  many  adult  sandflies  along  with  the 
mosquitoes.  This  was  indicated  by  incidental  oWiwations  made  by  the  writer 
on  siindHie.s  during  airspniy  c.\]>eriiiieni.s  carried  •>at  hy  the  T.S.  Army  in 
Paiiania  in  1945,  hut  the  data  aiv  not  conclusive  since  the  experimental  areas 
to  Wgin  with  had  relatively  fe.w  sandflies. 

Ill  the  event  of  military  o])eratioiis  in  a  forest  area  where  sandflies  were 
di.sease  transmitters  or  jiesfs,  residual  DDT  on  tentapi^  or  .structures  could 
lie  exfiected  to  give  iiuloor  protection.  In  addition,  the  writer  considers  it 
]>rol>al>le  that  considerable  reihiction  of  sandflies  in  the  immediate  area  could 
U*  achieved  by  spraying  ex])osed  rocky  surfaces  and  the  buttresses  and  trunks 
of  larger  trees,  with  particular  attention  to  hollow  trees  and  to  places  where 
animals  were  picketed  or  corralled.  This  statement  is  based  on  the  writer's 
observation  on  the  habits  of  sandflies  in  forests  Ixith  in  Panama  and  in  Para- 
gunj’.  They  commonly  alight  on  larger  objects  in  their  path,  which  could 
lie  rendered  lethal  by  DDT. 

Airspray. — The  effect  of  airspray  in  village  or  urban  areas  may  merit 
investigation.  A  suburb  of  Athens  was  sprayed  from  the  air  during  the  sum¬ 
mer  of  1940.  There  was  consistent  local  testimony  that  sandflies  had  lieen 
abundant  but  ceiisetl  to  give  niinoynnce.  Since  a  method  of  this  type  might 
have  military  applications,  it  would  be  desirable  to  determine  exjierinientiilly 
the  limits  of  its  usefulness. 

SUMMARY 

Of  the  sandflybome  diseases,  only  sandfly  fever  was  an  important  mili¬ 
tary  problem  during  World  War  II.  A  general  account  of  the  epidemiology 
and  military  history  of  the  disease  is  given.  Over  18,000  cases  were  reported 
in  U.S.  troojis  from  the  Middle  East.,  Asiatic,  and  Mediterranean  theaters 
(table  20).  Undoubtedly,  a  great  many  additional  cases  were  reported  as 
F.U.O.’s,  and  it  is  probable  tliat  the  total  of  sandfly  fever  cases  approached 
24,000.  Areas  with  particularly  high  rates  were  Sicily  (during  the  iiivnsioii 
in  1943),  and  the  Persian  Gulf  Command. 

The  greatest  incidence  among  troops  in  actual  combat  was  during  the 
Sicily  Campaign  in  the  summer  of  1943.  Military  operations  were  also  hamp¬ 
ered  by  sandfly  fever  in  Italy  in  1944. 

Sandfly  fever  occurred  only  in  known  endemic  areas,  with  the  exception 
of  the  eastern  part  of  India  and  parts  of  Burma  where  it  had  not  previously 
been  recognized.  Association  with  P.  papatatU,  known  to  be  a  vector,  was 
demonstrated  in  Italy  and  the  Middle  East.  Species  of  Phlebotomus  were 
present  in  all  areas  where  the  disease  occurred. 

Special  studies  on  the  etiology  and  transmission  of  s.  ndfly  fever  were 
carried  out  in  the  Mediterranean  and  Middle  East  theaters  in  1943.  Two 
immunologically  distinct  strains  were  isolated.  Epidemiologic  and  entomo- 
logic  studies  were  made  in  Italy  and  Palestine  during  1914. 

In  all  theaters,  the  standard  protective  measures  against  biting  insects, 
including  mosquitoes  and  sandflies,  were  available.  These  consisted  chiefly 
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of  re|>ellenls,  siimltK  iiHs,  niiil  ilio  Fmni  |i_vn‘llirii:.. 

iiiiilerinis,  tvlien  |iro|M‘rly  iim'iI,  w<<i-o  |»niv<wl  li>  lie  effisiivi'.  Inil  ilit-ir  ii|i|ili<'n 
lion  wiis  MNiiPtiine8  irn‘^iiliir.  Coiilrol  sliiilh'K  iiinile  in  lolv.  l*Hla«>iiiie.  I'l  ni. 
mill  sliiiwral  tliiii  tin*  DIVI’  n‘siiliml  siiniy  wns  i‘.'(iri‘iiiel.'.  cltefiive 

npiiiisl  siiiKlflies.  Tlie  iik'IIkmI  of  ii|a|ilyiii^  n>><uln»l  hIik-Ii  lin»  liei'oiiie 

stDiiiliml  in  malaria  (■<mtrul,  iiniiiely,  s|ira\ii:;;  iIh*  inner  whIIh  ninl  •-eilinpa 
Ilf  (l\ve]|ii))r>  tiiiil  niiiiiinl  !<liellers.  iiImi  (fives  lirtiinlly  nHiiiilele  jiroleii ion 
iipiinsl  siiiiilllies  iinliMii's  iiiiil.  in  ilii*  eiisi*  of  i-oiiiiMiri  ■oninoinh omdinirs 
as  well  :is  w  itliiii  the  Ireiiteil  iireii. 


Part  II.  Kxiicnnirntal  Stiiiiii'ii 


AUtert  H.  Sahin.  .UJK 

HISTORICAL  NOTE 


All  iliiit  was  known  willi  ciMlahily  in  lIHf)  eian-ernin^r  Hn*  *  inis  of  saiHlIly 
fever  was  (hat  it  was  a  lilienilile  ii(ri'at  preseiii  in  the  MimmI  of  iwiienis  I  loi* 
(lays  lirfore  anil  for  1  day  after  laisel  of  the  fever,  and  llial  /'.  was 

<'ii|Nil)le  of  tmiisinittinp  the  iiifeetion  fnaii  man  In  man.  SiiMv  the  elinieal 
inaaifeslatiniis  of  sandfly  fever  are  n<a  in  lliemselves  snffii-ienily  l■>||||nete^is(ie 
to  iM’rinil  hteiitilieotioii  of  an  iiiikin>wn.  lilleralile  a|p>nl,  it  was  elenr  to  llie 
oritiral  invest ipilor  that  |iriiniiry  ideiitiiii-ntioii  of  the  vinisof  .siiiidSly  fe^er  was 
H  difliciilt  niiitter  wliieli  eonid  not  In>  repirilril  as  roni|ilele  willeHil  llie  deiiHHi- 
atration  of  it.s  transiiiissiliility  by  /’.  /wf/w/««V.  Sinie  lliif  ly|a>  of  erilii’al 
iilpiitilieatioii  was  n|',|mrenlly  too  diflk'iill  foriiMisi  iiivesii(;alors.  llie  lileraiiiie 
oonlaincsl  a  ffooil  many  iii<'oiii|ilete  olwerralinns  ami  i-iHi«'lnsions  Iwsial  on  inade- 
qiiale  ilalii  wliirli  at  liesi  left  llie  siilijei’t  in  a  MNiiewlial  eiMifiiseil  stale. 

The  work  reporteil  hy  Sliorll  and  liis  assneiolea  **  in  India  Iwwi'cii  HWI 
anil  1031)  was  imnieiiUrly  iiitri(fiiiii(r,  alllinii|fli  iiiefini-liisive.  Tliesr  investi- 
(fators  reporteil  that  liiiniaii  in  feet  ioiis  serum  (prrMiniahly  mnlaining  llie  aaiiil- 
Hy  fever  vinis)  prniliieeil  a  felirile  illness  in  .Ifttrtuvt  rhriniM  iraaikeys.  Aillimi^ 
the  blood  of  siieh  monkeys  ii|mhi  inoriilation  in  human  voliinleera  produred. 
after  an  innibation  iteriial  of  i'l  to  7  days,  only  vague  i^niptnnis  wf  lieadaehe 
ami  general iaeil  malaise  witlnsit  ilistinet  fever  |whieh  might  have  Iwen  niiki 
serum  sickness),  and  altlimigli  rm  stmlies  on  the  leuKocytes  were  carried  out 
nor  passage  to  other  volunteers  alteni|ited,  it  was,  nevertlieless,  ciHH'liided  that 
sandfly  fever  “appears”  to  have  lieen  Iransmitteil  to  monkeys. 


■  <  1 1  Bhortl.  II.  K..  INiok.  K  T.»  nmt  K.  I>. :  HaMSr  ••  lh»  IMtoa  :  A 

PrHiMiMry  on  Mn»r  IjiWinlorr  liiv<i«llc«lkoi»ii.  J.  Arm^  M.  Cf»r|w  M:  Ml,  IMwfci r 
1934  ;  M :  17.  Umimn  1»SB.  I2>  KHMtt.  II.  K  .  S«*.  R  R..  iiihI  RwanlMitti.  r.  A. ;  rvltIviilkNi 

VlruiiHi  Af  RiiMinr  FArrr  rii4  HravaA  Prv«»r  mm  ihm  riMirWalNiilAlr  mi  \km  CTit*%  Rw»ija 

Imtita  i.M.  RAMrrIi  23:  MUV-879.  April  IRU.  f3i  RImiHI.  H.  K..  P«»«II.  i\  fl..  ftMl  R«a.  R.  11.  : 
The  VlrUR  of  Roailix  Ferrr  la  ('Mltarr  um4  Orlala  mt  lla  rrofo*rttM.  laillaa  J  M.  Roanirrli  28  * 
239.  July  IB33, 
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Sliortt  1111(1  varidiis  iis.s(x:iutrs  also  that  iiifwtioiis  liiiiiiaii  scniiii 

(a|;aiii  |in‘siiiiuibly  ooiilaiiiiiig  tlie  :  :>ii<lHy  fever  virus)  jirixliiced  lesions  on  the 
clioi'io-iillaiitoic  >ii(>iiilii')iiie.  of  eii.iiryotiated  vpfta,  which  could  lie  triiiisinitted 
in  series  with  filtered  extracts  of  these  itieiiiliniiies  mid  lie  prevented  from  de¬ 
veloping;  liy  the  seriiin  of  |iatients  convalescent  fiiiin  siindHy  fevc-  "hey 
conrinded  from  tliese  iliitii  that  “tlie  virus  of  sandfly  fever  has  been  cnli.  cd 
by  the  cliorio-iilhintoic  membrane  teclniic|iie  iind  in  tissue  cultniv  and  the  cul¬ 
tures  carried  throii};b  ninneniiis  passages.*’  Then,  on  tlie  iissiini|itiuii  that  the 
pmilnclion  of  lesions  on  the  chorio-alhintoic  niemhrane  could  lie  used  as  an 
indicator  of  the  presence  of  virus,  these  investigators  re|x)ited  on  various  prop¬ 
erties  of  this  virus.  Thus,  the  virus  was  said  to  lla^e  a  size  of  160  iii/t.’" 

Ill  a  communication  presented  at  the  Third  Intemntional  (Congress  of 
Microliiology  in  19:19,  Shortt  and  his  coworkers**  sniniinirixed  tlieir  .studies 
on  the  sandfly  fever  virus  ns  follows: 

Thia  virus  lias  been  maintained  In  culture  on  the  chorlo-allantole  ineinbrnne  of  cblck 
embr.vnH  and  In  tlaaiie  culture  for  (It  and  4t  |hihhii|^,  reapeotlvel;. 

rAo  cuUnrrd  eiraa  tan  been  thoicn  to  poa»-a*  wo  pathogenic  propertica  /or  man  and 
laharalorp  anlmalu,  trhalevrr  the  route  of  tnaeutotlou. 

The  virus  lias  lieeii  deniousl  rated  In  the  blnodatreani  of  monkeys  Inoculated  snbeuta- 
nemiHly  up  tn  a  maximum  of  111  days.  In  liuiuan  cases  of  tlie  disease  occiirrliiK  uuturall.v, 
tile  viriw  la  iisnall.v  demonstrable  In  the  bliNMlsIreain  for  7  days,  and  In  iviic  case  was 
demonstrable  for  2M  days. 

In  the  case  of  iiuK'iilated  monkeys,  luuitraiizlng  oiitllsidles  have  been  fiaind  present 
up  to  at  least  (10  days.  Attem|its  nl  the  pnipliyiactlc  IniHTlllnilon  <<f  Iimiinn  IicIiiks  with  a 
vaccine  (vintaining  live  virus  have  lieen  iiiade.  Two  doses  of  vaccine,  with  B  week’s  inter¬ 
val  between  doses,  were  given.  In  the  iins-nlated  (lersons,  the  prrsimee  of  vims  circulating 
In  the  |ierl|iheral  blood  was  demonstrated  r>  days  after  the  second  dose  of  vaccine.  Thlrt.v- 
llve  days  after  the  second  dose  of  vaccine  the  sera  of  some  of  the  rarciDated  persons 
showed  the  preseiae  of  neutralizing  antiliodles.  while  those  of  others  similarly  rnccinated 
failed  to  do  so.  Iiifectbm  of  the  vaccimited  persons  and  controls  with  Infective  senim 
fniiii  sandfly  fever  ciisea  gave  inconcluaive  resiilta. 

Thus,  although  the  cultured  vims  wa.s  not  jintliogeiiic  for  man  and  the 
infection  experiments  in  persons  viicchiufed  with  this  cultured  material  pive 
inconclusive  results,  these  investipUors  did  not  eiiterliiin  the  conchisinii  that 
they  might  not  be  dealing  with  the  virus  of  sandfly  fever.  Fiiithennore,  al¬ 
though  in  experiments  on  human  volunteers  the  vii-us  of  sr.ndfly  fever  had  not 
been  found  beyond  24  hours  after  onset  of  the  fever,  the  cliorio-allaiitoic  inein- 
brnne  technique  seemed  to  reveal  the  presence  of  a  lesion-prodiiciiig  agent 
(  virus ! )  for  as  long  as  7  diiys  and,  in  one  instance,  for  28  days, 

While  the  experiments  of  Shortt  and  his  coworkers  with  chick  embryos 
were  thus  inconclusive,  they  were,  nevertheless,  followed  liy  reports  of  Russian 
workers  in  1940  and  1941  which,  liowever,  did  not  become  available  to  ns  until 


*Tli«  flirtire  of  100  mit  obould  aclnallj  hare  b«#n  frlT^n  ts  190  lo  285  n».  uloco  tbe  nenbrane  wllli 
an  areraire  por*  dianeter  uf  490  Jnat  parmltted  tho  **actlTtlj**  to  paM»  whllo  llw  389  lu^-Oipnibritoe 
h^d  It  bark.  Cslof  BIford's  g«n«rall7  aveeptod  formula,  the  particle  stie  ahouUI  ha^'e  been  taken  as 
H  to  nf  S90  ogu 

nhortt,  n.  E..  Panditc  C  Q.,  and  Anderaon,  W.  M.  :  Studies  on  Sandfly  Fever.  Abstractc  uf 
Conmnaleatlona.  Third  International  Congren  for  Mlcrohlolofy,  1930,  p.  133. 
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they  wei'e  abstracted  in  tlie  Trofiical  Dixeaiiix  HuUefin  in  April  1943.  In  the 
1940  reiKH't,  Demina  and  lA;vitanskaja^“  stateil  not  only  that  the  sandfly 
fever  virus  (scrum  of  patients  with  the  dis»‘a.sp)  prcHlneed  lesions  in  the 
churin-alhintoic  nieinbruiie,  which  could  Ije  prevented  by  iniiiinue  seriiin,  but 
also  that  the  whole,  membrane  an<l  whole  embryos  pnxluced  ‘“typical  phleboto- 
mus  fever"’  in  eight  human  volunteers.  It  wa.s  a<lded,  however,  that  “injection 
into  seven  volunteers  of  [suspensions  ofj  pieces  of  chorio-allantoic  iiieiiibrane 
taken  near  the  site  of  inoculation  (from  priuiarj’  and  subcultures)  failed  to 
produce  infection  or  iinmunity."'  In  the  1941  report,  Demina stated  that 
saadily  fever  virus  inoculated  directly  into  the  yolk  sac  of  chick  embryos 
produced  cidtures  in  which  both  the  chorio-nllantoic  membrane  and  einhryo 
were  virulent,  as  deinon.st rated  by  siicces-sfiil  infection  of  mental  patients.  The 
abstract  farther  went  on  to  say; 

*  *  *  Of  the  two  strains  maintatned  b;  her,  one  was  virulent  after  30  aubcalturc-s, 
tlie  other  after  211,  thouKli  In  Isith  the  vlrulen«e  wiis  eoiitlnumi.sl.v  .annire.><ted  only  till 
the  tenth  siihciiltiire.  latter  pussaftes  liehavetl  in  an  Irregular  iiiiiniier.  some  losing  not 
only  their  virnleiiee  hut  also  their  antigenic  propertlee. 

Aside  from  these  rather  ooiiflictiiig  reports  on  the  behavior  of  the  sniulfly 
fever  virus  in  chick  einhiyos,  the  available  data  indicated  that  no  clinically 
apparent  disease  was  produced  in  guinea  pigs,  rabbits,  or  dogs  as  a  result  of 
extraneiiral  injection  of  human  serum  containing  the  virus.  There  was  no 
record  that  the  method  of  intracerebral  inocniation  of  rodents  bail  been 
explored. 

As  regards  the  natural  history  of  the  virus,  nothing  was  known  of  its 
possible  presence  in  hosts  other  than  man  and  F.  /tapatmiu  It  was  assumed 
that  the  vims  persisted  in  nature  as  a  result  of  transovarian  pas.snge  from  one 
generation  of  infected  Phlehotomi  to  another — an  assumption  which  received 
considerable  support  from  the  rather  detailed  experiments  on  human  volun¬ 
teers  reported  in  1937  by  the  Russian  investigators,  Moshkovsky  and  bis 
associates.** 

OBJECTIVES  OF  RESEARCH 

The  high  incidence  of  sandfly  fever  among  British  troops  stationed  in 
Palestine  and  the  Middle  East*’  since  1939  and  its  appearance  among  Ameri¬ 
can  troops  in  the  Middle  East  and  the  Persian  Gulf  Commands,*’  as  well  as 
in  the  Asiatic  theaters  in  1942  (p.  118),  led  the  Coiniiiission  on  Neurotropic 


*lJpinliia.  N.  A.,  and  T^Tltan«kaJa.  P.  B. :  BtudlPi*  on  rappatad  Fever.  X.  Attenipti*  to  Ciiltiviite 
the  Vlrna  oa  the  Chorlo-allantola  of  Chick  Bmbryo.  MhI.  Paraaltol.  (Moaeow)  9:  272-284,  1940. 
Abatract  In  Trop.  DU.  Bull.  40 :  305,  April  1943. 

^Demina,  K.  A.:  Ptudiea  ou  Pappatacl  Fever.  XI.  Further  InveatUfttlona  on  the  PappatacI 
Vlrua  in  Culture.  Med.  Paraaltol.  (Moscow)  lO:  271-283,  1941.  Abitrart  In  Trop.  DU.  Bull. 
40  :  .305,  April  1943. 

**  Moahkovtky,  8.  P..  Demina,  X.  A.,  and  otbera:  Studies  on  Pappatacl  Fever.  Till.  On  th«> 
Preaence  of  the  Vlrua  In  Phlehotomi  Born  From  Einra  Laid  by  Infected  Fenialea.  Med.  Paraaittil 
(Moscow)  8  :  922,  19.37. 

**I1>  Walker.  .%.  8..  and  IHMla,  L. :  runieal  ImpreuaioDN  of  on  Rpidemie  v.f  SandSj  Fever  In 
Palestine  Duiioff  1940.  M.J.  Auatralln  1  :  345  .149.  March  1941.  (2)  See  footnote  1.3,  p.  117. 

«8ee  footnote  15.  p.  118. 
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Virus  Dist'iises,  Amiy  Epidemiulogical  Board,  to  imdei-tnke  pxperinipntal 
studies  oil  this  disease.  The  first  group  to  concern  itself  with  this  work  con¬ 
sisted  of  Dr.  John  R.  Paul,  Director  of  the  Commission;  Map  (later  Col.) 
Cornelius  B.  Philip,  SiiC,  an  entomologist;  and  this  author,  a  virologist.  This 
groii])  of  workers  inaile  a  iireliniiiiary  surr'ej'  of  the  disease  in  the  Middle  East 
and  Palestine  and  set  up  an  exiierimental  ward  and  laboratory  as  part  of  the 
38th  General  Hospital  nt  Camp  Russell  B.  Huckstep  in  the  desert  ajiproxi- 
niately  8  miles  outside  of  Cairo.  One  building  was  especially  altei-ed  for  this 
purpose  and  screened  with  special  care  against  sandflies.  It  was  ready  for  use 
on  20  May  1943  and  was  maintained  as  an  active  laboratory  until  15  December 
1943.  Tlie  object  ives  of  research  on  this  disease  wei-eiis  follows; 

1.  As  an  immediate  step,  to  determine  whether  any  of  the  available 
mosquito  reiiellent.s  might  be  effective  in  protecting  agiiin.st  the  bites  of  P. 
piiimfitKi'i,  a  pro<-e<hirp,  which  might  then  lie  iise<l  in  an  atteiii)>t  to  |)n>iej-t  against 
this  disease. 

2.  To  recover  one  or  more  strains  of  the  vims  of  sandflj-  fever  by  repro¬ 
duction  of  the  disea.se  in  human  volunteers  and  to  make  positive  identification 
by  transmission  through  P.  papatatii  raised  in  Ihc  laboratory  from  ova  of  flies 
previously  proved  to  be  noninfective. 

3.  To  attempt  to  infect  a  large  variety  of  lower  animals  and  to  cultivate 
the  virus  in  embryonated  eggs,  simultaneously  with  the  work  on  infection  of 
human  volunteers. 

4.  To  develo])  an  adequate  source  of  the  virus  from  lower  animals,  cni- 
bryonated  eggs,  insects,  or  human  beings,  which  might  be  used  for  the  elabora¬ 
tion  of  a  specific  diagnostic  test  as  well  as  for  studies  on  artificial  immunization 
against  the  disease. 

5.  To  investigate  the  possibility  of  transmission  by  vectors  other  than  P. 
papatasii,  especially  parasitic  arthro]x>ds  indigenous  to  epidemic  zones  and 
mosquitoes  ftrevalent  in  the  United  States. 

EFFECTIVENESS  OF  REPELLENTS  UNDER  NATURAL  CONDITIONS 

In  May  1943,  nothing  was  n.s  yet  known  regarding  the  effectiveness  of 
DDT  against  P.  papataui.  It  was  also  clear  at  that  time  that  no  matter  how 
successful  the  experimental  studies  on  sandfly  fever  during  the  coming  sum¬ 
mer  might  prove  to  be,  they  would  have  nothing  to  offer  in  the  way  of  specific 
biologic  control  during  the  1943  season.  An  immediate  investigation  of  the 
possible  value  of  insect  repellents  then  available  to  the  Army  in  large  quan¬ 
tities  was,  therefore,  indicated  as  a  measure  which  might  be  of  practical  value 
in  the  control  of  the  disease  in  the  forthcoming  months,  l^is  study  was 
carried  out  with  the  help  of  Prof.  S.  Adler  and  Mr.  S.  Arkin,  of  the  Hebrew 
University  in  Jerusalem.  Lt.  Col.  C.  H.  S.  Little,  British  Deputy  Director  of 
Medical  Services  in  Palestine,  not  only  lent  his  cooperation  but  also  served 
as  a  volunteer  in  the  studies.  Two  repellents,  greaseless  and  practically  odor¬ 
less  after  application,  were  investigated:  (1)  A  British  preparation  consisting 
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of  a  vaniiiliing  cream  cuiitaiiiiiig  pyrethruin,  and  (2)  an  Aiuericiiii  tliiid  prepa¬ 
ration  (called  Skat  coiniuerciiilly)  containing  diinetliyl  ]>]itlm]ate.  l*rofessor 
Adler  pointed  out,  and  it  mus  later  contiriiied  by  oliKer\ ation,  that  during  a 
[leriod  of  Htndy  as  short  as  15  niinntes  the  hirgi'st  nnnil)er  of  bites  mid  feeds 
might  1)0  exi)ected  from  Phlehotouu  contained  in  a  closed  test  tube,  a  lesser 
luuuber  from  Hies  in  an  open  ganze-covered  tube,  and  least  of  all  from  flies 
ill  a  fairly  large  iiiiislin  covered  wire  cage.  Areas  of  skin  (aliont  1.5  cm.  in 
diameter;  that  is,  the  internal  diameter  of  the  test  tula")  on  the  flexor  surface 
of  the  forearms  either  treated  with  retielleiit  or  untreated  were  to  lie  exjHised 
to  iiiiiiro-xiinately  20  unfed  I'ldi-hotomi.  While  this  method  of  testing  d'd 
not  reproduce  natural  conditions,  it,  iiexertheless,  providetl  a  techni«)ue  by 
wliicli  the  effectiveness  of  different  rejielleiits  conhl  be  estimated  and  com¬ 
pared.  To  supplement  these  rests,  the  same  rcjielleuts  were  also  studied  under 
natnnd  conditions  in  sleeping  I'mmis  iH-ciipied  siinnltaneonsly  hy  treated  and 
untreated  indiridiials.  The  large  mmiliers  of  I'hhhotinum  flies  rtspiired  for 
these  tests  could  be  obtained  on  short  notice  at  that  time  of  tlie  year  only  at 
the  Dead  Sea  iiost  where  quarters  and  facilities  for  this  work  were  obtiiine<l 
through  the  courtesy  of  the  Palestine  Potash  Coni))aiiy.  Mr.  lielferimin,  the 
malaria  control  officer  of  the  company,  not  only  made  nil  the  aiTangimieiits  for 
the  working  and  sleeping  rooms  but  nlso  lieljied  fiiid  aiul  catch  the  1‘hlfhtituiiii 
which  were  needed  for  tlie  exiieriinents.  Seven  American  volimte«*rs  of  the 
I^'vaiit  Service  Command,  attached  to  the  24th  .'station  Hospital  in  Tel- 
Litwiiisky,  Palestine,  participated  in  this  study. 

The  closed-tube  tests  siiinmurized  in  table  21  iiulicated  that  Imth  tiie 
Ilritisli  and  Aiiiericim  prepanitiniis  [Kissessed  re|ielleiit  projieilies  but  tlnit  the 
effects  prorliired  by  tliein  under  the  s|)e*'ml  ex|)eriineiital  conditioiis  were  some¬ 
what  different : 

1.  The  protection  afforded  by  dimethyl  ]ilitliiihite,  while  it  lasted,  was 
almost  complete  against  both  biting  iiiid  feeiliiig.  With  the  Kritisli  cream, 
however,  the  liites  were  greatly  rexhiced  in  iiimilier  but  not  entirely  prevented 
nlthougli,  with  few  e.xceptions,  it  so  affecteil  the  treate<l  skin  that  tlie  flies  failed 
to  feed  on  it  for  a  longer  jieriod  tiuiii  in  the  case  of  the.  diinetliyl  ))]itluilnte. 

2.  With  dimethyl  plithalate,  the  iierkal  of  proteetion  ended,  that  is,  the  flies 
bit  and  fed  again  as  on  tlie  control  ureas,  at  C'/i)  7,  nml  8  iiours,  resjiectively, 
in  tlie  three  subjects.  With  the  British  cream,  n  definite  endpoint  was  not 
established  because  the  protection  was  only  partial  against  biting  throughout 
the  |>eriod  of  the  test,  but  still  practically  complete  at  the  end  of  9  hours  ns 
regards  the  failure  of  the  flies  to  engorge  on  the  treated  skin. 

The  open-tube  tests  were  unsatisfactory  except  in  two  volunteers  who 
were  treated  with  dimethyl  phthalate.  The  results  again  indicated  that  this 
preparation  protects  for  C  to  7  hours  but  not  for  8  hours  under  the  conditions 
of  these  tests.  The  impression  gained  from  the  control  tests  under  natural 
conditions  in  sleeping  quarters  was  that  both  tiie  dimethyl  phthalate  and  the 
British  cream,  when  projierly  apjilietl  to  all  the  e.xposetl  skin  surfaces,  may 
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Tahi^  21. — Hi'pcUnit  ivniM  agaltiMt  1*.  |ia))ataMil,  Wo#rd-^«&r  mcihotl 
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>  Fleior  surface  of  left  iDmarm  trotted  with  ropellsat;  right  foretnn  untrettod;  diflertDt  batches  of  30  Oles  wen  used 
lor  etch  tost. 

*Tbe  failure  of  the  111m  prevloosly  eipoeed  to  the  treated  eUe  (o  bite  or  faed  oo  the  untreated  side  showi  the  eiteot 
to  vhkh  the  flies  were  ^'knocked  out*'  ty  the  repellent. 

Notb.— The  ittUc  figures  lepneent  Un  behtTlor  of  Ufa  flies  oo  the  untreated  skin  and  are  the  control  lor  evaluating 
tbeeffecttveoaa  of  the  repelleou  letted. 

give  adequate  protection  against  the  bites  of  P.  papatasil  during  the  usual 
8-hour  period  of  sleep  (table  22). 

None  of  the  exposed  American  volunteers  developed  sandfly  fever,  sug¬ 
gesting  that  the  Phlebotomi  which  were  used  either  had  a  very  low  infection 
rate  or  were  uninfected — a  factor  of  importance  since  the  progeny  of  these 
flies  were  subsequently  used  for  the  experimental  transmission  tests  in  the 
desert  laboratory. 

As  a  result  of  these  studies  **  and  in  the  absence  of  any  specific  immuno¬ 
logic  methods  of  ctmtrol,  it  was  believed  that  for  1943  repellents  might  probably 
be  used  with  profit  in  attempts  to  reduce  noneffectiveness  due  to  disease  and 
loss  of  sleep  resulting  from  the  bites  of  P.  papatasii.  The  studies  indicated 
that  in  routine  practice  two  applicaticHis  of  the  repellent  would  be  required, 
one  at  sunset  and  one  before  retiring.  It  was  estimated  that  the  total  amount 
of  liquid  repellent  required  per  man  pet  day  would  be  about  10  oc. 

**(])  Letter.  ICkJ.  Albeit  B.  Babli,  MC  Vine  ConmIeeloB,  Heedquertere.  V.S.  Amy  Foreee  in 
Om  Middle  Beet,  to  Col.  8.  Beyne<Joii«e.  IfC,  Dlvleloe  id  FreweJtlve  Bfedldae  Serrice,  OfBee  of  The 
Sorgeon  Oeeerel,  14  Jane  1843,  Report  eocloeed  thereto.  Babject :  Frellrntnary  Obeerretlone  on  the 
BFectfvene^e  of  Certnln  Repellente  Agalnet  /’MebofoaiM  pajHifoeM.  <2)  8«e  footoote  7,  p.  110. 
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Table  2'2.—Efftcl  of  rtpelknU  under  naturai  conditiona  in  aleeping  quarters  at  night 
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night  until 
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i 

p . 
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Dimethyl 
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Dimethyl 
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night. 

Do. 

i 
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phthalat<% 
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Vnlrealrd. ... 

right  through 
night. 

Felt  no  bitea; 
alept  well'  | 

phthalate. 

I’ntreated _ 

Bitten  many 
times. 

Bitten  many 
times;  unable 
to  sleep. 

No  bites  felt; 

A 

3 

Do . 

British  cream. 

_  do.* _ 

i 

British  cream _ 

Dr  .... 

Dimethyl 

_ do.' _ 

Dimethyl 

slept  right 
through  night. 
Do. 

phthalate. 

phthalate. 

>  It  wu  a  cool  aldit  ind  nMwti  eaoiiiittolr  <ot«c«4  UmbwItw  wttta  Mukata. 

Non.— AppraiUiulalT  MO  udM  hmalt  P.  ptpatoak  UtaraM  B>  t*eb  raom  to  tiw  night  of  14  Mnr.  On  tha  nItU  at 
li  Uny,  approdmatily  140  mra  Uharaicd  In  nam  I,  Utk)  laam  0,  ami  IDO-ltO  In  room  s. 


The  effectiveness  of  dimethyl  phthslato  for  the  control  of  sandfly  fever 
under  natural  conditions  was  tested  during  a  small  outbreak  among  Ameri¬ 
cans  quartered  in  an  inhabited  area  of  Cairo,  Egypt,  during  September  and 
October  1943.  The  results,  published  in  detail,  Philip,  Paul,  and  Sabin  ** 
were  as  follows : 

The  men  in  a  given  barracks  were  divided  Into  tv.'o  groups.  The  repellent  was  issued 
to  one  group  [82  men  to  begin  with)  and  an  inert  control  sointion  to  the  other  (88  men  to 
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begin  nilb].  Directions  for  the  application  of  these  suiutiouK  wlieii  the  men  retired  at 
nigbt  were  the  same  for  each  gnni|i.  ttt  the  men  receiving  the  rt>|iellent,  42  percent  re¬ 
ported  relief  from  bites;  of  tbose  receiving  the  control  soiiition,  12  peneiit  reported  relief. 
Uf  the  men  retelring  the  repellent,  2  acquired  sandfly  fever  during  the  5-week  experimental 
perioil;  niid  uf  those  receiving  the  control  solutions  and  no  solution,  12  aciiuired  sandHy 
fever.  Both  men  who  "used”  the  repellent  and  acqnired  sandfly  fever  acknowledged  that 
they  had  not  followed  directions  and  had  failed  to  apply  it  for  several  consecutive  nights 
prior  to  ac<|uisltion  of  the  disease.  *  >  *  Dimethyl  phthalale  as  nn  Insect  repellent  is 
reconiinended  as  a  niethcsl  for  the  <-oiitrol  of  sandfly  fever.  It  has  l)een  tested  during  nn 
epldenile  and  shown  to  lie  of  apparent  value. 

STUDIES  ON  AMERICAN  VOLUNTEERS  IN  EGYPT,  1943 

Recovery  of  agent. — The  source  of  siiiidfly  fever  vims  wns  tlie  bltKxl  of 
patients  in  the  first  24  hours  of  tlie  di.sease.  Tlie  patients  came  from  ainon^ 
British  tixK)])s  who  had  contracted  the  disease  in  the  vicinity  of  Cairo  and  from 
among  U.S.  troops  stationed  at  Deversoir  Field  on  the  Suez  Canal.  Approxi¬ 
mately  50  cc.  of  blood  was  obtained  from  each  patient ;  the  seniin  was  sepn rated 
and  stored  in  the  frozen  state  at  the  low  temperature  produceil  by  .solid  (’Oj. 
The  following  jxiints  were  established  in  each  case  before  nny  senit.i  was  in¬ 
cluded  in  the  pool  that  was  to  be  inoculated  into  the  human  volunteers; 

1.  The  subsequent  clinical  source  of  the  disease  had  to  be  compatible  with 
that  of  sandfly  fever. 

2.  The  presence  of  P.  pajmtasii  in  the  area  from  wiiirh  the  patient  came 
had  to  lie  demonstrated  by  a  member  of  the  Virus  Commission. 

3.  The  patient’s  past  history  should  have  had  nothing  to  contraindicate  the 
use  of  his  serum  in  other  human  lieings — sy]>hilis  and  jaundice  having  lieen 
especially  niled  out. 

4.  A  negative  Kahn  test  and  bacteriologic  sterility  had  to  be  esta’dislied. 

MHieii  a  sufficient  amount  of  serum  satisfying  tlies'i  criteria  had  been  ac¬ 
cumulated,  a  pool  derived  from  11  patients  was  prepared,  and  on  a  selected  day 
the  pooled  serum  was  inoculated  into  human  volunteers,  mmlcevs,  hamsters, 
white  mice,  gray  mice,  desert  rats,  rabbits,  and  guinea  pigs.  The  same  pooled 
serum  was  also  inoculated  by  different  routes  into  embryonated  eggs  onto  the 
chorio-allantoic  membrane,  into  the  allantoic  sac,  or  into  the  yolk  sac. 

Tlie  human  volunteers  were  chosen  from  among  UJS.  troops  without  a 
previous  history  of  sandfly  fever  who  had  arrived  from  the  United  States  after 
the  last  sandfly  season.  They  were  quarantined  in  special,  air-conditioned, 
sandfly-proofed  rooms  for  a  period  of  10  days,  the  maximum  known  incuba¬ 
tion  period  of  the  disease.  At  the  end  of  this  period  of  quaianline,  during 
which  baseline  oliservations  were  made  on  temperature,  pulse,  and  leukocyte 
count,  each  of  the  first  four  volunteers  was  inoculated  with  1  cc.  of  the  pool  of 
acute  sandfly  fever  serum — 0.1  cc.  intraciitaneously  and  0.9  cc.  subcutaneously. 
After  an  incubation  pericx]  of  4  to6  days,  three  of  the  four  volunteers  developed 
the  typical  symptoms  and  fever  of  the  natural  disease  (chart  3).  During  the 
course  of  subsequent  experiments  with  insects,  five  additional  volunteers  were 
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each  inoculated  with  0.3  cc.  of  the  same  pool  of  acute  sandfly  fever  seriuii,  and 
nil  develo])ed  the  typical  experimentnl  <lisense  after  the  usual  incuhntioii 
periods.  As  each  volunteer  developed  this  fever,  .'50  to  75  cc.  of  blood  was 
obtained,  niid  the  frozen  .serum  was  saved  as  a  sii])ply  of  potentially  infective 
virus.  Iliirinp  the  coui'se  of  certain  other  e.xjwriinents,  two  hiiiiian  volunteers 
were  iiiociilated  with  a  i)ool  of  senini  fi-oin  the  first  groii])  of  volunteers  and 
both  (levrlojjed  typicnl  e.xperiniental  sandfly  fever  aftei'  the  iisunl  incnhntion 
period.  Tims,  it  was  ]>os.sible  to  demonstrate  not  only  that  iin  infective,  agent 
was  obtained  from  the  serum  of  patients  with  the  naturally  occurring  disease 
blit  also  that  the  bacterin-free  agent  was  capable  of  tran.smissioii  in  series. 
AVliile  the  circuinstantisil  epidemiologic,  evidence  taken  together  with  the  clini¬ 
cal  nianifestntions  of  the  exi>eriineiitul  disease  strongly  suggested  that  the  agent 
recovered  was  the  virus  of  sandfly  fever,  it  wa.s,  neveilheless,  still  neccs-sary  to 
satisfy  another  criterion ;  namely,  that  of  t  ninsinissina  by  I‘.  jxipainKii. 

Hepatitis  virus  in  pool  of  serum.— It  should  lie  noted  here  that  despite 
nil  the  care  that  was  taken  in  the  selec^tion  of  the  originnl  group  of  ]mtients 
with  the  naturally  oecurring  disease,  the  original  |m)o1  of  serum  that  was  used  to 
inoeuhite  tlie  first  hiinnin  volunteers  contaiiied,  in  addition  to  tlie  infectious 
ngent  of  sitmlfly  fever,  another  agent  capalde  of  ]>ro<lii<‘ing  he]mtitis  with  jaun¬ 
dice.  Of  the  10  hiimaii  volunteers  who  were  inoculated  with  this  ])ool  for  the 
transiiiissioii  of  siiti<lfly  fever,  4  also  developed  liepatitis  witli  jiiniidice  79  to 
94  days  after  the  first  inocalatioii.  The  same  jxiol  of  serum  was  sulisequently 
injecteil  jiareiiterally  in  htiinaii  voliiiitt^rs  in  the  United  States  and  tliree  of 
the  live  develojied  hepatitis  with  jaundice.  A  further  com  plication  occurred 
when  tlie  seriiin  of  one  of  these  volunteers  in  Kgyjit,  obtained  34  days  after 
inoculation  with  the  original  pool  and  60  days  prior  to  liis  development  of 
hepatitis  with  jaundice,  was  nseil  after  heating  at  56°  C.  for  a  half  hour  as 
control  skill-test  niiiterial  in  eight  of  the  ]>ersoniiel  associated  with  the  hospital 
and  hilHirntory  of  the  Coiiimissioii.  Three  of  these  eight  individuals  developed 
hepatitis  with  jaiiiulice  after  iiiciibiitioii  iieriotls  of  94  to  13‘J  days.  The  details 
of  this  iiiterciirreiit  hepatitis  ex|ierieiice  were  rejiorted  liy  Paul,  Havens,  Sabin, 
and  Philip.” 

Experimental  trananussion  of  sandfly  fever  agent  by  P.  petpataaiL— 

The  P.  papcbtaMH  used  for  these  tests  were  reared  in  the  ('omniis.«ioii  laboratory 
from  ova  deriveil  from  tlie  stock  collected  in  May  1943,  in  the  I)ea<l  Sea  area 
during  the  experiments  on  insei-t  repellents.  Heciiiise  of  the  restricted  resi¬ 
dence  of  the  liK'nl  popiihitioii  iiad  beciiiise  the  ]>aiviit  flies  failed  to  ]>nKluce  the 
disea.se  in  eight  American  volunteers,  who  were  liitten  by  large  manbers  of 
them,  tlie  stock  of  sandflies  was  regardeil  ns  iiiiiiife<'te<l  and,  tlieivfore,  especially 
suited  for  tlie  transmission  experiments.  Tlie  other  bloodsucking  insects  use<l 
in  the  first  test  consisted  of  fleas  (/’ii/ex  irritann)  collecte<l  front  native  clothing 
in  an  Egyptian  village,  and  Culcx  pipienn  ni<is<]iiitoes  collecteil  at  Deversoif 


^•PbuI.  J,  R..  llavrim.  W.  P..  Jr.  flAbln.  A.  B..  and  Philip.  C,  B. :  TrnnunilAnlon  Kxp^rtmratfl  In 
Serum  Jaundice  and  InfiKTtlous  Hepatitis.  J.A.M.A.  128  :  Jolj  IMS. 
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Fit‘l(l  (liirii)^  nil  uiiiliiviik  of  stiiiilHy  fovor  iiiiioii};  Aiiiericiiii  iriHips.  'rii(*se 
lliiw  sjiwii's  of  ItliMMlsiii'kiii)!  iiisii'Is-  woi-i*  fwl  on  lliiw  of  tin*  tiisl  jri'oiip  of 
liiiiiiiiii  vol II II loin’s  iliii’iii^  llio  Ill’s)  *24  lioiii-s  of  ilio  o.\|M‘riiiioiiliil  ilisoii.si*.  After 
rxiriiisic.  iiioiilmlioii  iieriisls  wliicli  vnriiMl  fiimi  H  to  18  chiys,  the  siirvivoi’s  wore 
nllowisl  to  bile  liiiiiinii  voIiiiiIimm-s — two  siibjivts  btnii);  iisoil  for  oiii'li  s|M>cies  of 
iiiHS’l.  One  voIiiiiIiht,  on  wluiiii  /’.  fni/mtiiDii  liiid  fwl  ile\’elo|)0(l  ty’pioiil 
siuultly  fever  iiftor  :iii  iiiciilmlioii  |H>i-i<Hl  of  iilxnit.  :J<.j  -.liiys,  wliile  iiiiollier,  on 
whom  oi  eiipirpsi  one  or  11101-0  times,  exliiliiteil  no  sit;iis  of  tlie  iliseiisi-.  None 
of  those  bitleii  by  either  /'.  Irrititii*  or  piftitiiit  ilevelo|)eil  the  iliseiisp.  In 
the  iiTifiiiiM  tests.  inserts  fed  one.  or  more  times  on  eiieh  of  the  two  volun¬ 
teers,  while  ill  tlie  rii.si*  of  pipitn*,  11  inserts  fed  one  or  more  limes  on  one 
voliiiileer  iiiid  7  insivts  one  or  more  times  on  the  oilier.  It  should  Ih‘  noted 
lliiit  the  five  volunteers  who  fiiileil  to  ilevelop  the  diseiise  were  snliseqiiently 
shown  to  lie  sii.seeptilile  when  they  develo|HHl  typieiil  siindHy  fever  iifler  iin 
inlriirntiineoiis  injiH-tion  of  <).;(  ee.  of  the  infections  si>rnni  roust  it  11)  iiig  the  pool 
ohtiiiiied  from  the  origiinil  lot  of  iiiitninlly  inferleil  pidieiits. 

In  11  siihse(|iient  experiineiit,  niiother  lot  of  siiiiiltlies  retired  from  ovn  in 
the  hilKirntory  wiis  feil  on  two  vohiiiteers  ivho  were  iiioi-nhiled  with  the  sernni 
ohtaiiied  from  iiidiviiliiiils  with  the  ex|ii“riineiitiilly  indiieeil  illiM*tkS.  After 
snitiihle  ineiihatioii  innioils,  tliesi'  siiiidllies  weiv  nihiwed  to  few)  on  two  iiditi- 
tioiiiil  limiitiii  voliintiH'i’s,  one  of  whom  develoiHMl  lypinil  siindlly  fever  (bitten 
by  1:5  Hies),  while  the  other  (bitten  by  I’i  Hies)  fiiiled  to  develop  the  diseiise. 
Thus,  ill  two  siqniriite  e.\|MM’iiiieiits,  it-  wns  imssihle  to  denioiisliiile  lliiit  the 
infect  ions  agent  whii'h  was  <'ii|Nible  of  repriMlnriiig  the  miiiiifeslnl  ions  of 
natiiriilly  (s’riirriiig  sandfly  fever  was  also  Ininsiiiissible  by  impittitxii,  lint 
not  by  < pipifiiti.  I'.  and  in  later  e.X|>i*riments  also  not  by  .1  <  Jen 

(rhai1  4).  It  is  noteworthy  that  other  siiiidtlies  reared  in  the  lalMinilory, 
w’hirh  welt'  not  allowed  to  fei'd  on  iiifei’teil  patients,  were  foimd  to  be  free  of 
the  virus,  as  ileiiionsli’iited  by  tests  on  two  hmiian  vohinleers  who  were  bitten 
by-  .^ti  and  !)1  flies,  res|iertively.  At  least  one  of  these  two  voliinleeiN  was  later 
shown  to  be  susri'ptihle  to  the  virus  when  he  developeil  the  disease  following 
a  piii’i'iiteriil  iiuHMibitioii  of  infeetinns  serinn.  It  should  lie  noted  heiv  that 
additionnl  r.\|>eriiiients  with  ('.  pi/wn*  also  yielileil  negative  resiilt.s  in  three 
volunteers.  The  e.xtrinsic  iiiciiluitioii  jhtumIs  tveiv  piirimsely  jiitilongeil  (I) 
to  eoinpiire  with  the  e.xperienee  tvith  yellow  fever  in  tvhirh  iinfavonible  mos¬ 
quito  hosts  may  lax’oine  infei-tions  after  a  loiigiT  e.'ttriiisie  ineiilaitioii  iieriixl 
than  is  ivqiiiivd  for  .1.  oft/pp/i,  and  fi)  in  ease  laviil)  virus  was  present  which 
netshsl  stiniidiitioii  by  lejieateil  IiUnhI  nieiils.  The  eonehisioii  from  these  tests 
was  that,  exeejitiiig  /kz/k/Awo.  inuie  of  the  other  blisMlsiieking  iiisei’ts  which 
wei’e  tested  ixiiihl  jilay  iiii|)ortaiit,  if  any,  roles  ns  vei'tors  of  this  virus. 

The  question  of  iiitei>ludiid  or  trinisovariiil  lraiismis.sioii  of  the  virus 
WHS  ti*sted  in  the  ('oiiiniissioii  lalKinitory,  as  follows;  (1)  /'.  ptt/tii/iixll  larvae 
were  allowed  to  ingest  lyoiihilixeil  vii’ivs  (hmiiiiii  si'riim)  and  the  n'siilting  adults 
weix'  tested  lai  hiiniaii  voliiiiti'ei’s  with  negative  resiilt.s,  and  (2)  /’.  jhijmtaxH 
hali-hed  out  in  the  liilainitory  fnmi  ova  deriveil  from  piiiviit  fenialesof  proved 
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Chart  4. — Capacity  of  variou*  bloadaueking  mneclt  to  trantmit  phlebotomnt  fever 


INSECT 

TESTED 

RESULT  OF  TESTS  ON  HUMAN  BEINGS  1 

■ 

Mwi.a»uwggMi 

1 

PHLEBOT- 

□nnooooonarfla2rcsDi!:iiiTiTTrr2rA.-i 

3onaoaaoaocooi 

-J 

•o« 

•02 

•Oi 

>00 

>  «0 

i 

j.o> 
« *c* 

5«0A 
•  >02 
*■  « 
•00 

** 

H 

ft 

i^^mn 

ui^nngli 

Hi 

1 

PAPATASII 

23  FllES  FtD  ONE  Oft  MORE  TIMES 

A  1.1 

UJ 

. 

m 

PUIEX 

IRRITANS 

•Oil 

102 

idO 

p*^ 

1  •• 

i 

5  >»$ 

ji04 
i  >03 
-  <01 
■oo 

•« 

«• 

•P 

■BajSSSSSS 

wSSSSSSSBSnSSS3KKKK/i 

1 

CUIEX 

•  04 

•  04 

>0t 
to> 
h  >oe 

1  •• 
1  •• 

c 

4 

2  104 

fio* 

!>oi 

^  lO' 
•oo 

*9 

m 

•/ 

15  MOSQUlTOeS  FED  ONE  OK  MORE  TIMES 

r  • 

I  4 

yvyVr^^v4VVr^^r^^ . 

1 

PIPIENS 

IS  MOSguiTOES  FED  ONE  Oft  MORE  TIMES 

i'  t  i 

. 

ISmSI 

AEDES 

aegypti 

_ 

•04 
lOI 
•02 
•€• 
loe 
f*  •• 

•  M 

1” 
4  104 

Btoo 

n 

n 

«r 

93  MOSQUITOES  FEP  ONE  OR  MOftE  TIMES 

amM  mo  it  m 

^  A.*  M 

SEiiSSSSS 

vWWWV^w^V^v 

i™W 

^■wwwvwwww^^ni 

csEiDa3CQ3Q::a 

:tiaDC32ana:35E::5Erti3:::ir:::: 

jnnnoSnnnnriB 

iai 

infectious  capacity  as  late  as  8  to  10  days  after  tlie  infectious  blood  meal  failed 
to  produce  the  disease  in  human  volunteers.  AVliile  these  experiments  were 
not  extensive,  they  indicated  that  tlie  vims  «lid  not  pitss  from  ^nenitinn  to 
generation  in  all  infected  flies;  however,  it  was  realixed  that  this  question  rould 
not  be  regarded  as  having  been  settled,  particularly  in  view  of  Whittingham's  " 


”  See  footnote  9(2).  p.  ]i:f. 
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unci  Moshkovsk^v's  i^xiHrinienls  wliicli  still  Ic*!!  the'  [>ossil)ility  tliiit  such 
III!  evc'iil  iKxiir  oc-nisioiially. 

Attempted  propagation  of  the  virus. — IV.ng  Itiiinnii  scn'iiin,  ^Yhosi^ 
ogi‘iiiiity  WHS  estiihlisliwl  ky  siiniiltiiiieoiis  tests  in  liinnnn  voliintiH^rs,  in- 
oeiiliitioiis  wiMv  iierfoi'ineil  Icy  tlie  intnu'erebnil,  intniii)is)il,  iiilr!iciitiini*('!i.s, 
siilM-iitsiiicMiiis,  int)t)ti>sticiil)ir,  iiiicl  iiitni]KM-itoneiiI  routes  in  nionkrys.  young 
Iniinstei-s.  young  iilbino  niiee,  wild  gnty  mice,  clesc'ft  ruts,  riibbits,  itnil  giiineii 
pigs.  In  tlie  first  .st*rii‘s  of  tests,  there  wiis  no  siiggc'stion  of  iviictioii  oi  uny  of  the 
aniinuls  e.xcept  tlio  buiiisters,  where  it  is  probuble  tlmt  some  iiifec-tioiis  ugent 
WHS  c-iirriiul  for  two  |»ii.ssiig<‘s  before  it  was  lost. 

Two  of  the  six  hamsters  which  were*,  lirst  iiMH-iilntecl  sneniinlHsI  with 
nervous  signs  on  the  fifth  clay.  One  died  and  the  other  was  sucriticed,  and 
.suspensions  of  their  brains  and  visecra,  whirli  were  harteriologically  sterile, 
weiv  |)assag(‘cl  into  three  new  hamsters.  One  of  these*  three  again  snrrumlced 
with  similar  severe  nervous  signs  :!  days  after  iiicK-iilation.  .Vltliongh  its  brain 
and  visc'eni  were  hurtericdogirally  sterile,  then*  wa.s  histologic  evidence  of 
iiriite  e|)eiiclyinitis  and  nieiiiiigitis  ns  well  as  fiK'al  necnitir  and  inf’ammiatory 
fcH'i  in  the  liver.  Nevertlielc*w,  further  jiassage  into  new  Iniinsters  was  nega¬ 
tive*.  as  were  also  rei>eated  incKUilations  of  the  iiniteriai  from  the  lirst  two 
Inimsters  into  six  new  ones,  and  of  the  original  ])oc)l  of  urnte  sandtly  fever 
serimi  into  six  adclitional  liainsters.  Iti  iidditioii  to  th«*se  1c‘sts,  Inimsters  were 
also  iiicH'iilnted  with  whole  IcIockI  or  serum  from  otlii  r  aeiite  rases  of  natural 
or  c*x|)eriniental  sandtly  fever  as  well  ns  with  a  sns])ension  of  infected  /*. 
■fMi/MtttiMii.  but  all  with  negative  results.  The  total  nninlier  of  Inimsters  used 
in  these  tests  was  .‘iK,  and  all  that  one  can  conclnile  is  that  no  clinically  appin-ent 
infection  can  Ik*  prcKlnced  with  regularity  in  these*  aniiiads  by  tlie  siiiidKy  fever 
virus.  Since  no  tests  on  Iminnn  volunteers  were  carried  ont,  one  can  say  nothing 
nlKiiit  the  ])ossibility  of  clinically  iinip])iiiviit  ]>ni]>agiition  of  the  virus  in  this 
sjiecies. 

The  susceptibility  of  white  mice  was  also  tested  extensively  in  74  aninuils, 
using  the  same  material  incK'iilated  in  Inimsters.  The  results  wei-e  nil  nc*gative 
inehicling  hlinci  ]>nssage  with  the  hrains  and  lungs  of  the  iiicM-nhitecI  mice*. 

Ten  monkeys  representing  five  different  siKvies  were  inoculated  iiitr.i- 
<x*rehrally,  intracntnneonsly,  sniM-iitaiieonsIy,  and  iiitraiieritoneally  with  in¬ 
fections  serum  or  whole  IiIckmI  from  cases  of  natural  or  ex|ieriniental  sandtly 
fever.  There  were  three  grivets  (Cfrcopithfrus  f/ritiroi'lritiix),  two  vervets 
(Oercaplfhentii  aethiopx  crntraUx),  two  red  African  hiis,snrs  (f'.’rropithfni* 
fKri/throcrbvxl  patfm),  one  Miirtint  rmUtifn  froii)  India,  and  two  young  hnhcMais 
(Pnpio  hnnutdrym) .  >'o  fever  or  other  clinical  manifestiitions  of  disi'ase  were 
observed  in  any  of  them.  With  the  exception  of  the  three  grivets,  which  had 
been  in  Cairo  for  at  least  1  year,  and  (he  M.  miVittia,  whose,  history  was  un¬ 
known,  the  other  monkeys  were  brought  by  jdnne  from  regions  of  Africa  which 
are  presnmnhly  free  of  sandfly  fever  and  /’.  /mptr/nxH. 
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In  view  of  the  rejwrts  and  coueliisioiis  of  Hliortt  niul  others  that  the  virus 
of  siindfly  fever  had  been  cultivated  on  the  clukrio-tdlantoic  nieinhrane  of  ein- 
brj-onated  efrps  with  the  production  of  plaques  which  could  be  prevented  by 
convalescent  serum,  special  efforts  were  made  with  this  method.  Among 
twenty-two  Itl-day  embryouated  eggs  inoculated  in  this  manner  with  tin,  pool 
of  acute  sandfly  serimi  of  jiroved  jxitency  and  with  the  sera  from  hve  acute 
cases  of  the  natural  or  experimental  disease,  all  embryos  survived  and  only 
one  egg  exhibited  a  single  pla(]ue  on  the  cliorio-allaiitoic  membrane.  On  jtas- 
sage  of  a  suspension  of  this  nietnbrtitie  into  four  new  eggs,  one  egg  again 
showed  an  opaque  zone  on  the  chorio-allantoic  membrane,  but  the  same  was 
found  in  one  of  three  continl  eggs  which  were  inoculated  with  the  .5  percent 
normal  chicken  sermn-Ty  ro<le‘s  solution  which  was  iisetl  to  suspend  the  original 
mendirane. 

Five  blind  passages  at  4-day  intervals  were  carried  out  in  eighteen  8-ilny 
eggs  inoculated  into  the  ullatitoic  sac  and  six  jiassnges  at  similar  intervals  in 
twenty-three  0-  to  7-day  eggs  inoculated  into  the  yolk  sac.  No  evidence  of 
patliogenic-ity  for  the  chick  etnbryo  was  observed.  Inoculation  of  hamsters- 
atid  while  mice  with  the  first  and  Hfth  (Missage  allantoic  fluid  and  fourth  pas¬ 
sage  yolk  Stic  yieldetl  ttegative  results.  Negative  results  were  also  obtaine<l 
when  the  allantoic  fluid  and  yolk  sac  suspensions  were  usetl  ns  antigens  in 
complement  fi.xation  te.sts  with  convalescent  sera  from  patients  with  the  experi¬ 
mental  disease.  Tims,  although  volunteers  were  not  inoculntetl  with  any  of 
the  cliick  embryo  material,  making  it  impossible  to  conclude  that  the  virus  did 
not  mnlti|)ly  in  the  embryonateil  eggs,  it  was,  nevertheless,  apparent  that  the 
chick  embryo  conhl  not  lie  used  either  for  identification  of  the  virus  or  for 
detection  of  the  sjiecific  aiitilKMly,  as  the  reports  of  Shortt  and  his  ns.socintes 
had  le<l  one  to  hope. 

Search  for  a  specific  or  nonspecific  diagnostic  test. — Precipitin,  com¬ 
plement  fi.xation,  and  hemaggliitimition  tests  were  tried  using  the  acute  stage 
serum  obtained  from  iiatnnil  or  ex|)erimentnl  cases  of  the  disease,  or  an  extract 
of  jxijmftixii  fed  on  experimentally  infectetl  volunteers  as  the  antigen,  and 
convalescent  sera  from  natural  and  experimental  cases  as  the  antiliody.  All 
yielded  negative  results.  An  attempt  was  mn<le  to  determine  whether  or  not  a 
skin  test  iniglit  lie  devised  by  testing  the  effect  of  fresh  and  heat-innctivat«l 
infectious  sera  in  normal  individuals  and  in  volunteers  convalescent  from  the 
ex|)erimeiitHl  disease.  However,  no  significant  skin  reactions  were  obtained 
in  any  of  them.  Nonsjjecific  tests  in  the  form  of  sheep  cell  agglutinins  and 
cold  agghitinias  were  also  investigated  with  nt^itive  results. 

Preliminary  observations  on  immunity  to  homologons  vims.— Two 
preliminary  tests  were  caiTied  out  on  the  volunteers  in  the  desert  laboratory. 
In  the  experiments  with  viirioiis  vectors,  the  volunteer  who  de\-eloped  the 
experimental  disease  after  being  bitten  by  infected  /'.  jmpatuiiii  was  found  to 
be  immune  when  tested  with  infections  serum  17  days  after  the  onset  of  his 
fever,  while  five  other  vohinteefs,  inociilatetl  simultaneously  with  the  same 
dose,  nil  developetl  typical  sandfly  fever.  Tlie  volunteers  used  in  the  very  first 
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px|)eriiiipnt  «ii  iiifpctivity  of  llip  orijriiiiil  |mmiI  of  siiiiilfly  fpvpr  wi-rp  pm-li 

rpiiiiN'iiliitpil  with  I).]  )■<■.  of  tl)p  sini4P  iiifp4'tioiis  *4>nnii  14  iliiys  :ifipr  ilip  lirsi 
iiKK-iiliitinii,  nr  8  to  Id  iliiys  iiftpr  tlip  first  tiny  of  frvrr.  tiiiil  i>iilv  i>iip  pxliiliitisl 
n  rise  in  tpiii])pnitiirp  of  1°  F.  In  4  ilnys  ,iftpr  iiitM'iiliitioii  niiitsMM'inipil  witli 
liny  syni|<loins.  Howpvpr.  siiirp  tlierp  wm*  no  siiiiiiltiiiipoiis  ■'oiitrois  for  this 
tpst,  llip  iippilive  results  could  not  lie  n‘pinl«sl  ns  isincliisivc.  ndd  it  wns  eviilpiil 
thill  llip  i|npslion  of  iniiniiiiily  still  reniniiipd  to  lie  invest  ignite*!  i'.\|H-riiiicniiilly. 

Summary  of  work  aecompIMicd  and  problenm  raqnirinir  farther 
study. — Perlin|>s  the.  most  iiii|Mirtiitii  ncliievrineiil  in  this  liilNirniory  uns  the 
accnninliition  of  n  <-onslilcnihle  iiniotitil  <if  infis-tioiis  serniii  in  wliich  the  ex¬ 
istence  of  the  virus  of  sionlfly  fever  wns  esinhiishisl  not  only  hy  seriiil  innis- 
niissioii  e.\|ieriineiiis  lint  niso  hy  the  priMif  of  its  tninsmission  liy  /*.  fi-ifuttimi!. 
The  hn|>e  tiint  some  siniple  hilioriilory  iiiiininl  or  eiiihryonuiisl  I’trirs  i-mihl 
serve  ns  inilicniors  iif  tli<‘  pivseiKv  of  this  virus  wns  iinfoiiiiiintely  ilisjH-lletl 
hy  the  preliininnry  ex|ieriiiienls  llint  were  cnrrieil  out.  In  inhlition  to  further 
iittenipls  lit  iiilnptntiiiii  of  the  virus  in  exjieriiueiitnl  iiiiininls  niul  eiiihryoiinle4l 
egps,  it.  wns  lielieveil  of  the  jrrentest  iin|iortniire  to  lenrii  nion>  nlioiit  imnninity 
to  this  virus  under  ex|H*rinieutnl  e<m<liliiiiis.  In  view  nf  the  ennllieiinp  n‘|i«irts 
cniicernin^  the  iiuinnuity  wliieli  follows  iiii  nitnek  of  the  iintiiml  diseiise.  it 
wns  ileenied  iiilvisnhie  to  lenrn  whiit  iininiuiity  nniy  result  from  nn  <>x]M<ri- 
meiitiil  nttnek  of  the  disense  when  the.  snine  stmin  wns  used  for  ehnllen|p>  in 
individunis  living  in  snndfly-free  refrUnis.  It  wns  iilso  desinilile  to  deteriiiiiie 
whether  or  not  iloses  of  the  virus,  lo<i  siiinll  to  prinliiep  the  disense.  would 
prove  to  lie  iiiiniiuiofteiiic  mid  whether  nr  not  iimetive  virus  could  pnaliwe 
immunity.  It  alsri  setmied  nf  interest  to  determine  whetluM'  or  not  serial 
piissnge  of  the  virus  in  liiininii  lieinpi  without  intervention  of  the  natural 
insect  vector  iiiiphl  |)ercliniice  ciiitse  sufficient  iitleiiiialinn  l«i  |iennit  its  use 
for  ininiiinnpenic  piir|>nses.  Twenty-seven  .Viuerieiiii  enlisted  men  serveil  ns 
volunteers  in  the  studies  cnrriwl  out  in  the  ilesert  liilsiraniry. 

STUDIES  ON  HUMAN  BEINGS  IN  THE  UNITED  STATES 

Since  /uipaftfuli  is  not  present  in  the  I'liiteil  Slates  mid  siin-e  its  ini- 
IKirtntinii  wns  pniliiliite<l,  it  is  eleiir  why  the  initial,  orienting;  ex|N>riiiieiils 
just  rejiortetl  were  liest  ciirriwl  out  in  the  «lesert  liilMiniiory  in  Kfryfil.  It 
was  also  clear,  however,  that  the  nion*  extensive  work  involving  the  use  of 
Inrp^er  niimliers  nf  linninii  siilije<‘ts  ns  well  ns  ilie  deliiiiiive  studies  <ui  iiii- 
iminity  could  lie  ciirriwl  out  lietter  in  the  Uiiileil  States  wlieiv  .\nierican 
civiliiiiis  mitrlit  liecome  nviiilalde  ns  volunteers  iiml  where  the  studies  <hi  im- 
nimiity  would  not  lie.  compli<'iile<l  iiy  the  <pieslion  of  s| Mint ii neons  rein fei-l ion, 
|ierliiips  inn|)|)nreiit  infection,  in  iintiire.  .Vcisirdin^rly.  iliroii^h  the  coo|iem- 
tioii  of  the  iintliorities  nf  Ixuij^view  Slate  llospitiil  in  Cincinnati.  Ohio,  and 
with  the  .sjifcinl  ctmpenitioii  of  its  iiieilicnl  dins-tor,  Dr.  Ikm^lns  ftohlmr.ii. 
the  ]intients  in  that  hospital  retpiiriiifr  some  form  of  fever  tliempy.  vvith  the 
consent  of  their  fiiinilies  or  ^lardiniis,  lietaiiiie  nviiilnlile  for  tests  mi  inntcriHls 
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susj)<H-t«‘«l  of  cinitiiiiiiiig  vims  of  siiiKlHy  fev“r.  The  work  was  rarrierl  out  hy 
tlie  jiiiilior  ill  his  lalKinitories  lit  tlie  (’liiKlivii's  Hospital  Keseni'cii  I'niiiulaiioii 
1111*1  the  Dejiartiiieiit  of  Pediatrics  of  the  University  of  Cincinnati  ('ollege  of 
Meilicine,  ('iiu-innati,  Oliio.  In  addition  to  the  patients  wlio  were  available 
at  lyiiipview  State  Hospital  lietweeii  Octolier  104.!  and  April  1944  anil  ajrain 
lietween  Jiiiie  1945  and  tlie  end  of  1945,  a  ninnber  of  test.s  were  carried  out 
on  liinnan  rnliiiiteers  anioii^  tlie  jiri.soners  of  the  Xew  Jersey  State  I'rison 
ill  Trenton,  X.J.,  between  May  1944  and  May  194.5. 

Isolation  of  Sicilian  Strain  of  Virus  and  Its  Identification  by  Cross-Immunity 
Tests  With  Middle  East  Strain 

A  Held  iiivestipitioii  wliicli  thi.s  author  carried  out.  during;  the  Sicily 
ranipaifrn  ( jip.  1()H-1T4)  iiidii'iited  tliat.aii  estiinateof  a]>]>n>xinititely  K,5ia)  cases 
of  samlHy  fever  was  reasoiialile  for  the  [leriod  of  Id  July  to  tl  .Sejiteiiilier  194:$, 
iinioiif;  the  {lersonnel  of  the  Seventh  U.S.  Arniy.^®  It  seemed  liijrhly  desirable, 
therefore,  to  establish  by  lalKa  atory  inetliiMis  the  nature  of  the  etiolojric  a>rent 
res|K)nsil)le  for  the  febrile,  illness  that  was  seen  more  often  than  any  otlier 
ilisea-se  diiriii)!  that  iierioil  in  Sicily.  Accordingly,  1)1o<k1  was  obtained  w  illiin 
'24  lioiirs  after  oii.set  from  three  patients  who,  at  the  time,  were  in  tlie  Itlst 
KviKiiatioii  Hosi»ital  in  Paleniio,  Sicily.  'Hie  serum  was  at  tlie  iirevuiliiig 
riNiin  and  outdoor  teiii|)eriitiires  for  a  jieriotl  of  about  40  hours  liefore  it 
reacheil  the  Coiuiiiissioii  liilioratory  in  Cairo  on  10  September,  ivher»  a  part 
of  it  was  frozen  in  Dry  Ice  and  the  renininder  lyojdiiliwl.  Tliese  sfieciniens 
were  then  tr!ins|)orted  to  the  United  .States  in  Dry  Ice,  anil  after  it  was  Iptinieil 
that  the  siiliseqiieiit  clinical  coiii'se  of  tlio  patients  from  whom  the  hlooil  was 
ilrnwii  coiTesi>onded  clinically  to  that  of  sandfly  fever,  tlie  scrinn  of  two  of 
these  was  used  for  tr.iiisinission  tests  in  Cinciiiimti  on  0  Octolier  194;*  (the 
teiii])enitiire  charts  of  the  two  donor  patients  are  shown  in  chart  5). 

Kach  of  four  ))!itieiits  at  the  Isiiigview  Stnte  Hospital  received  0.1  cc.  of 
serum  intniciitinieoiisly  and  d.75  rv.  siiliciiliineonsly.  AD  four  of  the  recipients 
d«velo]M-d  typical  saiulfly  fever  after  the  usual  inciiUtiicii  perioils  of  .5  to  4  days 
(for  rvconl  of  their  teinpernliires,  see  “original  subjects”  in  clnirt  1!).  These 
four  iiatieiits  were  in  turn  bletl  within  n  few  hours  after  onset  of  fever,  and  the 
resulting  seniin,  stored  in  tlie  frozen  stnte  in  Dry  lee,  constituted  a  fresh  sup¬ 
ply  of  vims  for  the  ideiitiHciition  of  the  agent  resjxinsible  for  the  Sicilian 
febrile  illiies.s.  The  cins.s-inimiiiiity  test.s  by  whicb  the  Sicilian  agent  was 
identified  are  .shown  in  charts  (i  iniil  7.  The  first  group  of  four  subjects  wpie 
testeil  1  month  after  recovery  by  reiiioculation  with  honiciogoiis  Sicilian  ma¬ 
terial.  All  four  were  found  to  lie  immime  while  four  new  hiimnn  siibjpi'ts, 
inociilatetl  simiiltaneoiisly,  develo|>ed  the  disease.  Fifteen  days  liner,  these 
original  four  subjects,  who  were  thus  proved  to  be  inmiime.  to  the.  lioiiiolngoiis 
Sicilian  vinis.  were  inoculated  with  the  Middle  Fast  strain,  whose  identity  as 

MnJ.  Albert  B.  flabln.  >10.  to  Surirron.  U.S.  Army.  Col.  PnnH>l  Fr«nklJp. 

MC,  7  8t*p(>  lb4:t.  fiiihjtxt :  EKtlmntr  ExlfiiC  to  Which  BtintlAy  FrTrr  Whs  niid  Is  a  Problrm  Ahttiiis; 
Aairrfraii  Fiirt'es  In  fllclly. 
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Chakt  .V — Temperature  charit  o/  original  patient*  from  tohote  blood  the  Sicilian  ttrain 
of  phlcbotomui  fever  virut  teat  itolatcd 


a  sandfly  fevor  vims  had  already  been  established  by  transmission  tests  with 
P.  pe/pitfoxii.  All  four  were  again  found  to  l)e  immune,  while  four  controls 
inoculated  siniiiltaneously  develo{ie<t  the  disease.  The  reverse  of  this  test, 
shown  in  chart  7,  was  carried  out  with  patients  who  wen;  inoculated  first  with 
the  Middle  East  virus,  and,  after  they  were  shown  to  be  immune  to  the  homolo¬ 
gous  Middle  East  agent,  they  were  challenged  with  the  Sicill.vn  vims  and  also 
turned  out  to  be  iiniiiune.  Thus,  it  was  evident  that  approximately  6  weeks 
after  an  attack  with  one  or  the  other  vims,  cross-inmunity  was  readily  de¬ 
monstrable.  It  should  be  noted  here  that  similar  results  were  obtained  in 
subsequent  cross-iTiniunity  tests,  which  were  carried  out  at  4  months  as  well 
as  2  years  after  a  single  attack,  indicating  that  by  active  resistance  tests  the 
two  agents  were  indistinguishable. 

Properties  o£  the  Virus 

Infectivity  of  the  rirvs  by  different  routes. — Using  scrum  obtained  with¬ 
in  24  hours  after  onset  of  fever  and  doses  of  i  cc.  or  more,  it  was  found  that 
intracutaneous  or  intravenous  routes  of  inoculation  ]>roduced  infection  in  ap¬ 
proximately  06  jiercent  of  over  100  human  adults  regardless  of  sex  or  color. 


Chart  C. — Cro^9‘imnni»iii/  britmn  Siriiian  ami  Mhhlli'  Kagt  gtrahm  of  phivbotonius  fever  viriiJt 
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During;  tlie  course  of  exi^erinienls  on  tiltriihilily  of  tlie  virus,  it  was  discovered 
quite  by  iiccident  (when  it  was  itecessiiry  t«)  inje<;t  diluted  seruiii  in  larger 
qiiiiiitities  by  siilx-utniieoiis  or  intramuscular  routes)  tliat  doses  of  virus  which 
weie  infective  hy  the  iiitracutaiieous  or  intravenous  routes  failed  to  proeluce 
the  clinically  n|>|)ai-eiit  disease  in  50  to  75  |>ercent  of  individnnls  inoculated 
siitinltaneously  hy  the  Kiihciitaneotis  nr  iiitniiniiscnlar  routes.  In  two  tests 
with  the  Sicilian  virus,  six  of  eight  |mtients  (75  pcn-ent)  failed  to  develop 
the  disease  following  sulM-iitaneous  or  intramuscular  inoculation,  and  in  a 
single  test  with  the  Middle  Hast  vims,  three  of  six  patients  (50  |HM‘ceul)  failed 
to  develop  the  disease  following  sulicntane<iiis  inoculation.  The  six  indi¬ 
viduals  who  failed  to  develop  the  disease  following  inoculation  with  the  Sicilian 
virus  wei-e  subsequently  retested  by  the  intniciitaneoii.s  inie<'tion  of  a  dose  of 
virus  which  hmiight  down  all  three  controls,  ainl  all  of  the  six  again  failed  to 
show  any  signs  of  illness.  Since  it  seems  iinlikely  that  so  large  a  number  would 
have  lieen  spontaneously  resistant  to  l»egin  with,  it  would  ap|>ear  ))ossil)le  that 
siilsnitaneous  or  intraninscniar  iiuMudution  of  the  virus  may  have  produced  an 
inapparent  infection  with  .sniiseqnent  immunity. 

Concentration  of  virus  in  infectious  serum. — The  <-oiiceiitnition  of  virus 
in  seniin  obtained  within  a  few  hours  after  onset  of  the  fever  was  measured 
(1)  hy  detenuining  the  iniuiiinil  dose  which  will  produce  the  clinical  disease  in 
liiiniaii  volunteers,  and  (2)  by  reiiiocuhitiiig  those  volunteers  who  failed  to 
show  iiity  signs  of  the  tiisease  to  determine  whether  or  not  the  siihclinical  doses 
produced  inininnity.  The  fii’st  exiierinient  was  <lone  with  a  ]>re]>an)tion  of 
lyophilized  serum  which  was  obtained  from  a  human  volunteer  in  Kgypt  who 
develo|)e<l  the  <lisease  after  being  bitten  by  /'.  /w/Ai/(we7  artificially  infected  in 
til  -  hil>oratoi-y.  Of  three  patients  iiio<'uhitetl  witli  0.1  cc.  intraciitaiieoiisly  and 
0.9  cc,  si'.hculaiieoiisly,  two  <leveloped  the  disease.  Ifowevei’,  none  of  nine 
other  |)atieiits  iiiocidate<l  simultaneously  with  0.1,  0.01,  or  IMKIl  cc.  (three  pa¬ 
tients  foi  each  dose)  by  the  intnicutaneoiis  route  developed  the  clinical  disease. 
Upon  subsequent  challenge,  all  those  who  remained  well  after  the  initial  inocu¬ 
lation  were  piwe«l  susceptible,  to  larger  doses  of  the  virus.  In  a  subsequent 
experiment  with  thiixl  passiige  Middle  East  virus,  using  the  serum  of  a  single 
)>atieiit,  it  was  foiiiid  that  0.01  cc.  prwluced  the  typical  disease  in  Imtli  inocu¬ 
lated  patients,  O.tKll  cc.  also  prcxluced  a  clinically  recognizable  illness  in  a  single 
patient,  while  O.tlOOl  cc.  failed  to  ptwliice  the  di.sease  in  one  patient.  Al¬ 
though  this  represents  a  nitlier  inadequate  titration,  it  would  appear  that  in 
this  particular  seriiiii  the  iiiinimiiiii  in  feet  ive«lose  may  have  l)eeii  O.tKtl  cc.  How¬ 
ever,  in  the  third  experiment  with  Middle  East  virus  using  seventh  passage 
material  from  a  single  patient,  the  senini  having  l>een  frozen  in  Dry  Ice  for  8 
months,  it  was  found  that  o:dy  one  of  four  patients  inoculated  with  1  cc.  intra- 
cntaneously  developed  the  disease.  A  systematic  titration  was  not  carried  out 
with  the  Sicilian  strain  of  vims;  however,  of  45  individnnls  who  received  1  cc. 
intniciitHiieoiisly  (virus  representeil  by  senim  derived  either  from  natural  cases 
of  the  disease  or  from  human  subjects  up  to  si.\  ex|>erimental  passages),  43 
developeil  cliniciilly  apparent  disease.  All  nine  individuals  who  received  1.5 
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to  2  cc.  of  various  iiiissagt^  of  the  8icilinii  strain  developed  tlicclinieal  disease, 
and  two  of  tlirec  ]iatieiits  who  were  inoculaterl  witli  0.5  w.  of  Sicilian  virus 
develo]>e<l  the  <liseiise.  During  the  gradocol  iiieinhranc  iiltmtion  tests,  part 
of  tlie  jKK))  which  was  found  to  he  infective  with  l•eglllnl•ity  in  nmoiiiitsof  1  cc. 
was  also  tested  in  smaller  doses,  two  patients  being  inoi-alatetl  with  0.0001  ec. 
and  uiiother  two  patients  with  0.00001  cc.,  but  none  developed  the  illness.  In 
subsequent  te.sts  for  .susceptibility  by  inocnhitioii  of  larger  ainonnts  of  the  same 
virus,  all  four  ])atients  developed  typical  e.xperinientiil  Siindily  fever.  Tims, 
it  can  be  .said  tliiit  the  Sicilian  virus  ulso  does  not  have  a  potenej'  as  high  as 
10,000  inininunn  infective  doses  i)er  cubic  centimeter  of  seniiii. 

An  intcre.sting  phenomenon  which  may  re]>reseiit  a  ditference  in  the  be¬ 
havior  of  sandfly  fever  virus  in  Ainericun  Negroes  was  encoimteml  during  the 
course  of  this  work.  Although  if  was  found  that  Xegiaa?s  weie  as  snscei)tible 
as  white  jieople  when  inoculated  with  serum  rlerived  from  white  individuals 
with  sjnuldy  fever,  it  was  not  jKis-sible  to  obtain  passage  when  the  serum  of 
Negroe.s  with  the  disease  was  use«l.  In  three  different  e-xperiments  using  1  cc. 
ainonnts  of  serum  from  three  different  Negroes,  negative  results  wei-e  obtained. 
When  the  volunteers  used  in  these  tests  were  subsequently  inoculated  with 
seniin  fixnn  white  donors,  all  developed  sandfly  fever,  indicating  that  tJiey 
were  susceptible.  Since  amounts  larger  (hiiii  1  cc.  were  not  te.-ted,  one  ciiiinot 
8113’  virus  miglit  not  have  lieen  |)re.sont  in  smallei  concentration  in  the 

bloo<l  of  Negi-oes  who  developed  e.v|)eriiiientiil  snndHy  fever.  However,  (he 
results  do  suggest  that  the  virus  iiia^’  perlni|)s  not  propagate  to  as  high  a  level 
in  Negi-oes  as  it  does  in  wliite  individuals.  Since  it  liiid  l>een  deinonsf  ratexl  that 
the  sandfly  fever  virus  can  lie  niaiiitained  in  tlie  1yo])liilizcd  state  or  fm/a‘n  in 
Dry  Ice.  fur  a  period  of  at  len.st  4  years,  it  Ls  not  likely  that  the  nmiiner  of 
storage  of  tlie  serum  seriously  affected  the  results  that  were  obtained. 

Particle  size  of  the  virus. — Two  e.\periments  were  carried  out  with  the. 
Sicilian  .strain  of  sandfly  fever  virus  in  an  attempt  to  determine  the  particle 
size  b3'  means  of  iiltmtion  through  gnulocol  ir.-embnines.  Twenty-six  human 
subjects  were,  used  for  the  tests,  and  tlie  results  are  shown  in  table  2.1.  The 
first  test  was  unsntisfiictor3’  because  the  inocnhitions  were  given  by  the  siib- 
cutiineoiis  and  intramuscular  routes  before  it  was  realized  tiint  these  routes 
were  les.s  suitable  tliaii  the  intraciitaneous.  However,  the  second  exjieriment 
yieldetl  clenn-ciit  results  in  that  all  10  volunteers  inoculated  intracutaneously 
and  iiitriiveiioiisly  with  either  the  dihitei],  unfiltereil  .serum  or  the  filtriiteis  from 
the  600,  400.  310,  and  207  m/»  membranes  developed  typical  sandfly  fever,  while 
the  two  patients  inoculated  with  somewhat  larger  doses  of  the  filtrate  from 
the  101  iii/(  membrane  both  failed  to  develop  any  signs  of  illness  or  cliunges  in 
the  leiiko<*3’tes.  Although  it  is  possible  that  one  of  the.se  two  ]>atieiits  may 
have  had  an  iiiapparent  infection  since  he  failed  to  develop  the  diisease  on 
challenge  with  active  virus  later  on,  it  is,  nevertheless,  evident  that  the  average 
pore  diameter  of  the  emljinint  membrane  is  in  the  range  of  101  If  one 
assumes  that  the  101  ni/i  membrane  repre.sents  the  filtration  endpoint,  the  par¬ 
ticle  size  of  the  virus  miiy  lie  estimate<l  at  40  to  60  ni#*,  according  to  El  ford’s 
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Table  23. — FiUraiion  of  nandfiy  fercr  virun  through  gradocol  membranei] 


Kesult  ofsubre- 

PxiK'rimeot 

Portion  tested 

Amotint  in-  ; 

Patient  { 

Kasuit 

i|iietit  ciiiillenge 

leclwl  (cr.) 

with  vlrtiji 

I 

1 

, 

ininieiitiiiieoualy 

l*ooi  of  iiwaanr  1  scram. 

Centrifuged,  uoflitered.. 

5 

n . 

.VegHtive . 

Negative. 

diiutiHl  1:5  in  SAilnc,  and 

8 . 

. .  .do . 

l>o. 

O'litrifugitl  at  l.-VX)  r.p.m. 

770  mi»  Altrato . 

S 

A...  . 

Sandfly  fever _ 

(all  fiitrat4‘s  Inoculated 

B . 

N’egative . 

1>0. 

subcutaneouaiy  and  intra- 

306  mf<  filtrate . 

s 

Al . 

. do . 

Sindfly  fever. 

muscularly). 

K . 

....do . 

Do. 

203  inM  filtrate . 

s 

Br . 

. do. _ _ 

Do. 

l>o _ 

..  .do.. .  Negative. 

101  ma  filtrate . 

5 

Bn...  . 

. do . 

I>o. 

IM  . 

. do . 

Sandfly  fever. 

5 

C. 

Do. 

w . 

3-dBy  fever 

l>o. 

leukocyloais 

pharyngitis. 

.10  m><  filtrate . 

10 

» . 

Ni*gallve . 

Do. 

r . 

. ri.. . 

Do. 

CC. 

route 

pool  of  passage  V  sera,  dl- 

Centrifuged,  unfiltered.. 

2 

1.  cut. 

c . 

Sandfly  fever... . 

lucotl  t:4  In  saline,  and 

6 

1.  ven. 

CF  .. 

- .  .  do . 

600  ma  filtrate . 

2 

CL . 

0 

P..  . 

MO  mg  filtrate . 

2 

1.  ctit. 

B1 . 

. do . 

6 

1.  Ten. 

Cr . 

. do . 

2 

8 . 

6 

M..  .. 

207  mg  filtrate . 

2 

1.  cut. 

L . 

...do . . 

6 

Br '  . 

2 

T.. 

10 

1.  TWt. 

Ml . 

. do . . 

Negative. 

>  Seram  obtained  (rom  this  patient  at  onset  of  fercr  produced  tyf>kial  sandfly  fever  in  two  other  pattenu. 


formula.  However,  it  must  be  kept  in  mind  that  the  concentration  of  virus 
in  the  serum  used  for  filtration  was  not  very  i^reat.  In  addition  to  the  con¬ 
trols  shown  in  table  22,  three  other  patients  were  each  inoculated  intracuta- 
neously  with  0.5  cc.  of  the  same  pool,  and  two  of  the  three  developed  typical 
sandfly  fever.  However,  four  other  subjects  inoculated  with  0.0001  cc.  or 
0.00001  cc.  of  the  same  pool  failed  to  develop  the  disease  and  also  failed  to 
develop  immunity  to  subsequent  challenge.  Tlius,  it  would  appear  that  the 
concentration  of  virus,  although  not  precisely  known,  was  certainly  less  than 
10,000  M.I.D.  (minimum  infective  dose)  per  cubic  centimeter.  Since  it  is 
known  that  the  amount  of  virus  contained  in  the  material  that  is  filtered  can 
influence  the  filtration  endpoint,  one  would  have  to  conclude  that  while  the 
particle  size  of  the  sandfly  fever  virus  is  probably  not  greater  than  40  to  60  m/i, 
there  is  a  possibility  that  it  may  be  smaller. 

Farther  tests  in  animals. — During  the  course  of  the  work  with  this  virus 
in  the  United  States,  additional  tests  were  carried  out  with  sera  of  proved  in- 
fectivity  for  human  beings  on  the  following  animals:  Infant  mice,  cotton  rats. 
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liiimsters,  and  iiionke^VH.  Itecause  of  the  quest ioiiiible  i-esnlts  olitiiiiied  in  sev- 
enil  hiimsters  in  Egypt,  snsiteiisions  of  the  hniiiis  iind  viscera  tif  those  liiimsters, 
which  had  been  stored  in  Dry  Ice.  and  transported  from  Egypt  to  the  United 
States,  were  inociiinted  into  six  Imiiisters,  hut  r.ll  renmined  well.  An  iidditinniil 
test  (in  hti lusters  was  carried  out  with  the  fourth  hnniiiii  passage  of  the  .Sicilian 
strain  of  virus;  the  seriini  was  injected  in  .six  young  animals  by  the  intracere¬ 
bral,  iiitruciitttiieons,  iiitraperitoiieal,  and  iiitrate.sticiilar  routes,  hut  all  re- 
miiined  well.  Mice  were  imKriilated  with  undiluted  seriiin,  serum  diluted 
1:  100,  and  also  witli  tlie  sediment  fnmi  iiltracentrifiiged  sernin  taken  iip  in 
of  the  originiil  volume.  Mice  varying  in  age  from  10  days  to  4  weeks  were 
inocninted  by  the  intracendinil  and  the  intni|)eritoneal  r(mt(‘s,  lint  all  iviniiined 
well.  On  several  occasions,  when  mice  pi'eseiited  qnestionniile  signs  or  died 
lifter  a  period  of  l-‘l  or  14  days,  passages  were  performed  hilt  with  in'giilive 
results.  The  sera  which  was  used  for  these  le.sts  repre.sented  some  which  had 
had  only  one  pas.snge  from  the  iintiiral  disease,  us  well  as  otliers  which  had 
hnd  seven  serial  jias-sages  in  hiinian  voliinteei-s.  Six  cotton  rats  iiuxmlaled 
with  first  passage  Sicilian  virus  hy  the  intracerelir.il,  siils  ntaiuHins,  and  iiitra- 
peritoneal  routes  remained  widl.  It  should  lie.  noted,  however,  tliat  in  none  of 
these  ex|ieriments  was  material  from  any  of  the  animals  tested  in  Ininiaii  rolim- 
teers  to  (leterinine  whetlier  or  not  the  vims  might  have  undergone  iiiap))iireiit 
iiiiiltiplieiition. 

In  view  of  the  fact  that  Shortt  and  his  associates  believed  tliiit  they  had 
tniiisniitted  tlie  virus  of  sandfly  fever  to  iiHinkeys,  a  s|)eeiiil  e.x|>eriment  was 
undertaken  with  these  animals.  The  Sieiliaii  virus  represented  by  a  jxhiI  of 
jins-sage  I  human  serum  was  iiUK'iilated  sininltiiiieoiisly  into  jisitients  and  into 
three  rhesus  monkeys,  hiach  monkey  received  a  total  of  6  ecr.  of  si>rmii — 1  ee. 
hy  tlie  intracerebral  route,  0.1  cc.  iiitiiiciitaiieoiisly,  0.0  ec.  .snlicntaneonsly,  ami 
4  cc.  intrajieritoneally.  None  of  the  three  iiKiiikeys  develo])ed  fever  nr  showed 
any  other  clinical  evidence  of  disease.  However,  they  were  hied  at  different 
intervals,  and  the  senmi  ohtnined  0  and  4  days  after  iiioenliilioii  was  .snliiiiocn- 
latptl  in  two  patients.  It  is  iiotewortliy  that  while  neither  of  the  two  patients 
exhibited  anything  Hint  I  he  ex|ierieinx*d  iiive.stigiitor  emihl  have  interpreted  us 
sandfly  fever,  each  of  them,  iievertlieleas,  develojied  a  febrile  illiies.s,  one  on 
tlie  lOtli  day  mid  the  other  on  the  11th  day,  iissociiited  witli  generalized  iiiiilnise 
and  joint  jiiiins.  However,  the  leukocyte  changes  which  are  chamcteristiciilly 
present  in  sandfly  fever  did  not  develop  in  either  of  these  two  patients,  (’liii- 
ieiilly,  it  iipjieiiml  moi'e  likely  that  the  reaction  in  these  patients  was  due  to 
seriiin  sicknes.s  resulting  from  the  inoculation  of  the  monkey  serum.  Ajiproxi- 
mately  4  weeks  later,  these  ]intients  were  inoculated  with  sandfly  fever  virus 
and  both  of  them  developed  typically  severe  fonns  of  experimental  sandfly 
fever,  thus  confirming  the  original  clinical  diagnosis  of  serum  sickness 
and  indicating  that  no  virus  was  present  in  the  blood  of  monkeys  3  and  4  days 
after  inoculation  of  hnmaii  sandfly  fever  virus.  No  evidence  was,  therefore, 
olitained  that  the  sandfly  fever  virus  was  eitlier  jiatliogeiiic  for  rhesus  monkeys 
or  indeed  niiiltijilied  iiiappareiitly  during  the  period  tested. 
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Although  the  work  was  halted  because  of  the  jiressuie  of  other  iiivestigii- 
tions,  it  iipi>eaied  that  further  experiments  with  newborn  and  1-  tnid  2-diiy-old 
rodeiiis,  particularly  mice,  would  apitear  to  Ik*  worthwhile  not  only  in  an 
attempt  to  establish  the  virus  in  a  small  ex|)ei'iiiiental  uniniiil  but  mure  espe¬ 
cially  to  (letenuiiie  whether  the  snndHy  fever  vims  may  l)e  ))ropngatiiig 
imippai'cntly.  It  wolihl  be  desinible  to  test  such  material  passaged  in  newborn 
rodents  not  only  for  pathggenicity  in  human  beings  but  even  more  especially 
for  the  capacity  to  proiluce  iiiiminiity  t<i  nnnuMlitiod  Iniinan  virus  should  it 
turn  out  to  l)e  iionpathogeiiic. 

Further  cultivation  attempts  in  embryonatcd  eggs. — Although  the  ex- 
pei'inients  {'iirried  out  in  the  Middle  Eitst  laljonitory  indicated  that  no  spjcilic 
iiiitigen  suitable  for  coiiipleineiit  fixation  tests  cnuld  l)c  obtained  from  eggs 
inoculated  with  human  serum  coutaiiiiiig  sandfly  fever  virus,  it  was,  neverthe¬ 
less,  desirable  to  detenuiiie  whether  or  not  iiiiipiuirent  inultijrlicntioii  of  the 
virus  niiiy  (K-cur  in  enibryonuted  eggs,  as  determined  hy  siibiiUM’idation  in 
hiinuin  vrdimteei’s.  The  tests  which  were  carried  ont  in  the  ITniied  States 
are  siimmtiri/.e<l  in  table  ‘i4.  It  may  be  seen  that  among  the  rune  hninan  volnn- 
teeiN  iinx'iiluted  with  various  ty|)es  of  chick  embryti  material,  twcr  deve]o]>ed 
febrile  reactions  12  and  13  days  after  inoculation,  but  it  wiis  irossible  to  show 
that  in  neither  one  of  those  instances  was  the  fever  dne  to  infection  with  sandfly- 
fever  virus,  I tecaii.se  subsequent  challenge  produced  the  tyjrical  rlisease  in  botli 
volunteers.  Although  in  one  test,  two  of  four  volunteers  iiKsmlntetl  with  fourth 
egg  passage  material  failed  to  develop  sandfly  fever  on  challenge,  it  would 
nppear  more  likely  from  the  other  results  that  these  two  human  subjects  might 
have  represented  individuals  who  were  resistant  to  this  virus  to  begin  with.  It 
was  necessary  to  conclmle  from  these  tests  that  there  was  no  evidence  that  the 
sandfly  virus  could  multiply  in  chick  embryos  inoculated  hy  the  various  routes 
that  were  tried.  Accordingly,  it  was  not  possible  to  otUiiiii  confirmation  of  the 
cciiicliisions  reached  by  Sliccrtt  mid  Ids  coworkers.  It  may  also  lie  stated  here 
that  an  attempt  was  made  to  grow  the  .sandfly  fever  virus  in  cultures  containing 
minced  mouse  embryo  hniiii  or  minced  whole  mouse  embryo.  Inoculiition  of 
tile  third  piis.siige  culture  material  in  hiiniiiii  voliiiiteei-s yielded  negative  results. 

Further  tests  with  A,  aegyptL — Although  a  preliminary  test  carried  out 
in  the  Middle  East  laboratory  indicated  that  A.  aegypfi  mosquitoes  were 
unable  to  transmit  the  virus  of  sandfly  fever,  it  was  desirable  to  determine 
beyond  doubt,  as  far  as  it  may  be  possible  to  do  so,  whether  A.  negypti  mosqui¬ 
toes  in  large  numbers  and  after  varying  periods  of  e.xtrinsic  incubation  can 
or  cannot  transmit  this  virus.  In  view  of  the  liy)x>tliesis  that  bad  been  for¬ 
warded  by  some  investigators”  that  the  sandfly  fever  and  dengue  \'inises  may 
belong  to  one  group,  it  was  particularly  important  to  determine  this  point 
with  great  care.  Three  experiments  were  carried  out  with  human  volunteers 
in  the  United  States,  with  the  assistance  of  Lt.  (later  Cajit.)  'William  G.  Jaimes, 
SnO.  Ijarge  numbers  of  freshly  emerged  mosquitoes  were  allowed  to  feed  on 


■*Van  C.  E.,  mod  Rhodei,  A.  J. :  Virus  Dl«e«ar«  of  M«d.  London:  Oxford  llnivoralt/ 

Pro«i,  1940,  p.  610. 


166 


COMMI'NICAHLE  DISEASES 


Tabmi:  24. — Human  with  chick  embryo  “cuUnrcn**  initinteil  with  Annitfti/  fever  virus  of 

prfrtTiI  pfiUnrt/ 


inoettinm  for  oni*  ; 
liryoiitiUtl 

Slip  orinorttliitlon,  ‘ 
offp  ofcmltryOfOii'l 
IhlMMUCC 

Mub'rbil  In 

hunttni  )uii>)i*rts  I 

Siib}oi-t  1 

Hosiill  of  Inotiilailon 

K(*{6ilt  o(sub> 
ttrciiinit 
rhal  tenge 

Miftfito  EfUt  ittruln,  ^ 
human  pa.«ia(K  { 

Illienini.  j 

^  Knihryn  mul  yolk 

1  sac.  »^lay  enm. 

1  pa!«Affe<l  tit  (4lay 
IntervaU. 

4th  egg  piuetogp.  whole 
embryo.  2  «*„  20 
(lerceni  !(iis|ienslop. 

K . 

1  Negative.* 

I>0.* 

Sandfly  fever. 

P . 

A . 

K 

L...  Ill) . 

....  do . 

iht  egg  |iut(!(tigp,  whole 
embryo,  2  cc.,  20 
lieroent  siisiwnsioti, 
iiilriu’utrtnrous. 

F . 

4-(lay  fern  with 
pbaryngiilfl  plus 
leijkocytneig  12  days 
after  bi04>uliitk)t). 

! 

i 

1  1 

<3 . 

1>0. 

Sicilian  jitrnln,  (Mini 
of  human 

V  *ni.  j 

1 

Mb  egg  pas.^e  whole 
embryo,  2  cr..  20 
fien«n(  msiwnshm. 
IntrBeuUneoUf. 

Bo.  ... 

Ulay  feiei  l.tiUys 
after  Inneulntknr.no 
leukocyte  chabf  es. 
NegutUf . 

1>0. 

Su...... 

I>0. 

Sicilian  Ktraln,  pool 
of  humflH  (MKUtfiC 
Vllaen. 

'  3(1  (laesdite.  chorio 
albmtoie  memhiiuip 

1  suHpenslon,  1  cc. 

M . 

N'ot  testeo. 

1  mpnjM-iiiie,  lO^lay 

i  1 

1 

'  Two  controb  loocubi(«<l  slmulurwously  <l«vv)opeU  (be  dlwm. 


Iiiimuii  v(»liiiiteers  duriiij'  tlie  first  24  lioiirs  after  oiise  •  of  fever  (luring  the 
e.x])eriineutnl  disease.  At  the  time  the  inoHi|uitoes  fed  on  tlie>ie  volunteers, 
liIcMxl  wiis  taken  in  each  instance  to  deteriiiiiie,  by  subincwulation  in  other 
volunteers,  timt  infective  virus  was  actually  present  at  the  time  of  the  biting. 
One  e.\])«riment  was  curried  out  with  the  Middle  East  virus  and  two  tests  were 
curried  out  with  the  Sicilian  strain  of  the.  virus.  Mosquitoes  which  hiid  taken 
blood  meals  from  infected  individuals  were  allowed  to  bite  new  volunteers 
after  e.xtrinsic  incubation  [leriods  varying  from  6  to  22  days.  Six  human 
volunteers  were  bitten  by  hundreds  of  mos(|uitoes  which  Inid  taken  blood 
meals  from  infected  human  Icings  nt  the  time  when  their  blood  was  shown 
to  contain  the  virus,  but  none  of  them  developed  sandfly  fever.  The  suscep¬ 
tibility  of  all  these  volunteers  was  subsequently  demonstrated  when  they  de¬ 
velop^  the  typical  exiierinienlul  disease  following  iiKx:nlation  of  sennn  from 
the  very  donors  on  which  the  mosquitoes  had  obtained  their  blood  meals.  This 
unequivocal  demonstration  of  the  inability  of  -1.  aegypti  to  act  as  a  vector  of 
the  virus  of  sandfly  fever  became  an  important  tool  in  the  differentiation  of 
this  virus  from  that  of  dengue. 

Tests  for  vims  in  cerebrospinal  flaid  and  in  blood. — Observations  on 
more  than  100  cases  of  the  experimentally  produced  disease  indicated  that 
the  duration  of  fever  in  different  individuals  may  vary  from  part  of  1  day 
to  9  days,  although  the  2-,  3-,  and  4-day  periods  constituted  8.6  jjercent  of  the 
total  (chart  8).  Multiple  cycles  of  fever  (chart  9)  after  a  single  inoculation 
of  virus  were  observed  in  four  patients.  Subinocuhition  experiments  made 
it  possible  to  show  that  the  virus  was  present  in  the  blood  24  hours  before  the 
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(*UAKT  8. — Varinuft  types  of  fcrvr  prodnrcd  by  experimental  inoculation  of  phlehotonius 

fever  virus  M  human  bcinys 
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Chakt  0. — Multiple  eyelet  of  ferrr  after  tinple  Injcctlou  of  pMebotomue  fever  virut  in 

/iKman  heingt 


onset  of  the  fever  but  could  not  be  demonstrated  iii  tlie  blood  of  several  ))a- 
tients  48  to  54  hours  after  onset  of  the  fever.  No  explanation  was  found  for 
the  multiple  cycles  of  fever.  Since  no  vims  could  be  recoveretl  from  the  bl(Kxl 
during  the  periods  of  recurring  fever,  the  relapses  could  not  be  explained  on 
the  basis  of  recurring  viremia. 

Cerebrospinal  fluid  was  obtained  from  five  of  the  American  volunteers 
during  the  work  in  Egypt.  No  pleocytosis  or  other  abnormalities  were  found 
in  those  fluids,  and  part  of  each  fluid  was  lyotdiilized  and  the  remainder  frozen 
in  Dry  Ice  and  transported  to  the  United  States.  Two  patients  were  inocu¬ 
lated  with  the  pool  of  these  cerebrospinal  fluids,  each  receiving  2  cc.  intra- 
cutaneously  and  15  cc.  intravenously.  Neither  developed  the  fever  or  the 
leukocyte  changes  characteristic  of  sandfly  fever,  and  both  were  subsequently 
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sh(>w?i  to  l)e  snscejitiblc  to  an  iiiociiliition  of  the  vims.  It  is  noipwortliy  that 
the  semiii  of  the  same  vohinteers,  lyophilizetl  anti  frozen  in  the  same  niaiiiier 
and  traiisiiorted  to  the  United  States,  was  also  tested  on  hnmaii  volunteers 
and  proved  to  be  infective. 

Storage  and  maintenance  of  infectivity  of  the  virus. — Since  so  innch 
work  was  involved  in  establishing  the  itlentity  of  an  authentic  strain  of  the  virus 
of  sandfly  fever,  it  was  of  considerable  inutortance  to  determine  whether  or  not 
and  under  wliat  conditions  it  may  be  possible  to  preserve  this  virus.  Accord¬ 
ingly,  at  various  intervals,  portions  of  hoiiian  seriiin  maintained  in  the  frozen 
Slate  ill  Dry  Ice,  as  well  ns  portions  of  serinii  which  had  lieen  lyophilized 
and  then  stored  in  an  ordinary  refrigerator,  were  tested  in  human  volunteers. 
When  the  work  on  sandHy  fever  was  terminaterl  at  the  end  of  1045,  it  was 
found  that  the  second  jiassage  jiool  of  tlie  Sicilian  strain,  which  was  frozen  in 
Dry  Ice  on  .'lO  Noveinlier  1045,  still  i)ro<lucr<l  the  diseasi*  in  lx>th  patients  receiv¬ 
ing  ‘J  cc.  of  the.  .semni  intracataneously  on  10  October  1045.  Thus,  it  was  clear 
that  the  virus  persisted  for  at  least  2  years  in  that  state.  Lvo])irdized  virus 
tested  at  the  end  of  (’>  months  was  found  to  lie  active.  In  subsequent  years,  an 
op|)ortiniity  presented  it.sclf  to  test  some  of  the  lyophilized  and  frozen  virus 
on  children  with  nephrosis  as  part  of  a  trial  therapeutic  study,  and  it  was 
possible  to  show  that  the  virus  remained  active  after  a  perioil  of  storage  of 
at  least  5  yeai^s.  These  strains  of  virus  are  still  available  in  the  author's  labora 
tory  ill  both  the  frozen  and  the  lyophilized  states.  It  is  hojied  that  virii.< 
preservetl  in  this  manner  may  prove  useful  for  any  future  com])amtive  pur|>oses 
or  studies  that  may  lie  contemplated. 

Tests  for  neutralizing  antibodies. — Determination  of  the  presence  or 
absence  of  neutralizing  aiitiliodies  in  sandfly  fever  was  desirable  not  only  for 
ariidemic  reasons  hut  also  ( 1)  to  find  a  serological  means  for  the  ideiitiHciition 
of  the  virus  or  its  various  types,  and  (2)  to  establish  wliether  or  not  active 
immunity  could  be  produced  by  the  inoculation  of  neutral  sernm-viriis  mi.\- 
tiires.  Two  te.sts  were  carried  out,  and  the  results  are  summarized  in  table  25. 
The  hyperiiiinniiie  serum  used  in  these  tests  was  derived  from  four  patients  who 
recovered  from  an  exjieri  men  till  attack  of  the  disease  following  inoculation  of 
the  Sicilian  strain  of  the  virus.  Four  weeks  later,  they  were  reinoculated  with 
the  Sicilian  strain  and  were  found  to  lie  immune.  Two  weeks  after  that,  they 
received  an  inoculation  of  the  Middle  East  strain  of  the  virus  of  provetl  potency, 
and  they  were  again  resistant.  Two  weeks  after  this  second  challenge,  or  8 
weeks  after  the  first  inociihition  of  virus,  they  were,  all  bled,  and  their  serum 
constituted  the  hy|)eriniiniiiie  seriiin  useil  in  these  tests.  These  results  shown 
in  table  25  indicate  that  in  neither  test  was  complete  neutralization  of  the 
virus  oittiiined.  It  is  possible,  however,  that  a  certain  ilegree  of  neutralization 
did  occur,  liecanse  in  each  of  the  tests  there  was  one  subject  who  fa  ile<l  to  develop 
liny  signs  of  illness  or  leukwyle  changes  following  iiinciiliitioii  of  the  iinininie 
seriim-vinis  mixtures  and  yet,  on  cliiilleiige,  siiliseqiiently  develojiefl  tyqiical 
sandfly  fever.  These  rhnileiige  tests  iiidiciiltsi  not  only  that  the  siihjects  were 
originiilly  susceptible  hut,  also,  incideiitiilly,  that  the  iinxMilatioii  of  the  hyix>r- 
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iiiiniuiie.  soniiii-viriis  inixtiir)>  i«>i  l(‘ii<l  lo  iIm*  (IcvrloiMiiPiil  i)f  iii‘livr  ivsisi- 
to  the  virus. 


Tapi.k  'i.’V. — 'TtMt  for  nfntrnliitng  antiboHifit 
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PERSISTENCE  OF  IMMUNITY  FOLLOWING  A  SINGLE  ATTACK  OF 

SANOn  V  FEVER 

Various  olisen-atioiis  recor<le<l  in  the  lilenitiire  poncertiiiijr  i)ersisteiiep  t>f 
immunity  to  sandfly  fever  and  reonrrenee  of  the  tliseii.se  seeine»l  to  lie  aimfnsiiif; 
and  ooiitrmliotoiy.  On  the  one  IiiiihI,  there  are  re|)orts  of  multiple  atlnck-s 
oooiisioiially  al.so  diiriii(r  one  se.'vson,  ami  on  the  other,  there  are  iiiKiienms  oli- 
servatioiis  that  so-called  “salted”  tniops  (that  is.  tn)0|>a  that  had  on*e  eX|»eri- 
etice<l  an  epidemic  of  sandfly  fever)  pmveil  to  la*  resistant  during  siiliHapient 
seasons,  at  a  time  when  newly  arrived  trnojis  were  (arntnn-tiiip  the  ilisease. 
M'hel  her  or  not  a  sinple  attack  of  tlie  <|isense  in  residents  in  a  sandfly  fever  area 
had  to  be  fortilie*!  by  Tpealed  e-xjuisures  to  the  virus  in  onler  to  aci|nire  lasting; 
immunity  was  not  known.  The  studies  which  were  nirriwl  out  in  the  T'nitml 
States,  a  country  free  of  the  disea.se,  made  it  |nissib)e  to  determine  tlie  ini- 
muno^nic  effect  of  a  sinple  ex)>eriiiieiiliil  attack  of  sandfly  fever  when  the 
same  strain  of  virus,  or  an  immiinolojiically  ch*sely  relaleil  or  identical  strain, 
wa,s  used  for  cliallenffe. 

Tlie  data  siimmarizecl  in  table  2t!  indicate  that  the  S  volunteers  testeil  1 
month  after  infection  and  the  10  volunteers  tested  4  innnths  after  iiifeeliuii  all 
remained  well,  while  control  |Mitieiits  iinn'iilated  siiiiiiltiinenii.sly  with  the  same 
virus  develojied  the  disease.  In  a  test  nirrieil  -Jut  2  yearn  after  a  sinirle  attack 
of  the  diseii.se,  three  of  the  four  patients  reiiniineil  entirely  well,  sliowiu^r  neitlier 
fever,  symptoms,  nor  clinii|!ei;  in  the  leukocytes,  while  the  fmirth  |mtieiit  may 
have  experienced  a  very  mild,  modifieil  form  of  the  infection.  Altinmtfli  this 
patient  (Me)  hail  no  subjective  cniuplnints,  he,  nevertheless,  exhibited  n  rise 
in  temperature  of  1”  F.  for  a  period  of  alniiit  24  hours  0  days  lifter  iiiiN'iilntion. 
This  was  a.sswinteil  with  ehnnpres  in  the  leiikm-ytes  rharacieristir  of  diis  in¬ 
fection.  It  is  regrettable  that  the  prvsein’e  of  reinfection  in  this  individual 
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was  not  ])rove«l  or  disijroved  l)y  transmission  of  the  disease  to  othei-s.  llo'w- 
over,  it  wonUI  !i|)|)eiir  llisit  in  tlie  majority  of  individuals  immunity  to  reinfec¬ 
tion  with  the  siinip  iiiiiiiiiiiolo^ir  type  of  snndHv  fever  virus  w  is  present  for  a 
ptM'itMl  of  lit  least  '2  vein's.  If  the  events  wliieli  occurred  in  the  fourth  patient 
tested  at  '2  vein's  wei'c,  in  circct,  due-  to  reinfection  it  may  ixtIiiijis  indicate  that 
as  iininnnli.v  wanes  reiiifoi'cemeiit  mijrlit  possible  hy  essentially  siibclinical 
infiK't  ions. 

'IV.sis  on  two  Aiiicricuii  I'liysicians  who  had  resided  in  I’alesiiiie  for  vary- 
iiifr  iM'i'iiMls  yielded  iiitcrcstinjr  results  with  refeiviu'c  to  tlie  |M>rsis1ence  of  ini- 
ninnity.  liotli  of  tlioin  had  lived  in  (hiiciiinali  liefore  lh:S2,  and  botli  ^ave 
histories  of  two  (irevious  attacks  of  tlie  di.seii.si'  dariii*;  a  period  of  residence 
in  I’ll  h‘st  iiu‘. 

I)r.  Iliden  (iliiis-k  iiiid  her  (ii'st  attack  during  the  siiiiiiiier  of  1!).‘52,  ~>  days 
after  slie  landed  in  I’ale.stine.  Slie  returned  to  the  United  States  in  l!>t54  and 
lived  therv  until  1!W7  wiieii  slie  a^raiii  went  to  I’nlesline.  After  a  trip  to  Syria 
in  Aiijjiist  ItCl",  she  experienced  a  febrile  illne.s.s  of  2  days'  duration  associated 
witli  leiikoiHaiiii  whicli  wns  ajjaiii  dlii^iosiMl  as  sandily  fever;  that 's,  a  second 
attack  of  tlic  disease  after  an  interval  of  '»  years.  She  returned  to  tlio  United 
States  in  and  volunteered  for  an  iiiiniunity  lest  in  104:5:  ihiit  is,  0  years 
after  the  pre.siunahlo  second  attack  of  sandfly  fever.  .*^!ie  was  inoonhitcd  with 
the  .Middle  fiast  strain  of  virus  (I  cc.  of  jia.ssago  III  human  serum  intracuta- 
iieonsly)  and  after  an  iiicidmtion  ivrioil  of  3  days  developed  .n  ly])ical,  moder¬ 
ately  .-evere  attack  of  .sandfly  fever,  nssis-iated  with  characteristic  leukocyte 
clitiiijies. 

Dr.  Irwin  Diin.sky  ox|ierieiice<l  his  first  attack  of  sandlly  fever  in  .Tenisaleni 
during  the  Miimiier  of  10:14,  mid  another  similar  attack,  of  some  what  diminished 
severity,  diiriny  the  siiniiner  of  10;5."i.  lie  returned  to  the.  United  States  in 
lit'lti.  wheiv  he  resiiletl  coiit iiiiiously  until  he  voliinteered  for  an  imiiinnity  test 
in  NoveiiilKT  I04.'5;  Ihiil  i.s,  8  yeiii-s  lifter  tlie  last  jiresininible  nttnek.  lie  re- 
reivetl  the  same  virus  ami  dose  whieh  was  iidniiiiislered  on  the  same  day  to 
Dr.  filiieek  and  three  previously  iiniiioi'iilatwl  patients.  Three  days  after  inoc¬ 
ulation,  he  Ins-aiiie  mildly  ill  (acliiiifr  in  the  iiei'k,  “giddy,’’  and  mild  inler- 
iiiitteiit  alMloiiiiiial  distress)  fur  a  |ieriod  of  alr.mt  4  hiiiirs  during  which  lime 
bis  leiii|ienitiire  was  h.’i®  K.  above  his  iiornnil  level  for  that  time  of  day.  Al¬ 
though  the  total  iimiilier  of  leukocytes  <lnip|ie<1  from  to  4,400,  there  was 
no  ii.s.sociiited  cimiige  in  the  differential  foniiula. 

The  history  of  these  two  physiciiiiis  shows  how  difficult  it  is  to  interpret 
the  sigiiiliniiice  of  presmmilily  re|ieaie(l  attacks  in  imlividniil  putieiit.s,  when 
one  is  dealing  with  a  disease  for  which  there  is  no  spuciKc  cliiiiciil  identifying 
sign  or  hilMiriitory  lest.  Thus,  one  is  fnceil  with  s<*veriil  jKiss'i'ole  e.viiliiiui- 
tions.  It  is  possible  (1)  that  one  or  both  attacks  of  the  natural  disea.se  diag- 
no.se<I  us  samlfly  fever  were  not  sandfly  fever,  (2)  llr.il  iiiiimiiiily  to  siiulHy 
fever  iiiiiy  not  |>ersist,  or  (.I)  that  iiiiiltiple  iinnnmologic  !y|»*s  of  the  vims 
may  be  involved. 
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Tari.k  26. — PrfMuUncf  of  immunity  to  homolotjoun  type  of  namifly  fever  tirus  in  human  subjecti 

rt  nitiing  in  (he  (*niied  StatvM 
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LACK  OF  IMMUNOLOGIC  RELATIONSHIP  BETWEEN  SANDFLY 
FEVER  AND  DENGUE 

There  was  a  (piulency  fin  the  ))art  of  Van  r<«)oyen  aiul  Rhodes  to  regard 
dengue,  sandfly  fever,  and  yellow  fever  as  belonging  to  one  group  of  agents. 
It  had  already  been  deiimnstrated  in  the  jnvsent  studies  that  sandfly  fever  virus 
could  not  he  transmitted  hy  ,1.  aff}nptl  and,  thus,  differed  very  definitely  from 
the  viruses  of  dengue  nud  yellow  fever.  Tests  recorded  in  table  27  show  that 
not  even  partial  (■'•oss-iininiinity  could  lie  demonstrated  between  the  viruses  of 
dengue  mid  .sandfly  fever.  1‘atienl.s  who  had  recovered  from  Infections  with 
either  the  Middle  East  or  the  Sicilian  strain  of  sandfly  fever  virus  develo|)ed 
typical,  uun)o<liflcd  dengue  following  inoculation  of  liunniii  deiigne  sernni. 
Similarly,  the  disease  which  following  inoculation  with  sandfly  fever  vims  was 
in  no  way  modified  when  it  w^'iirred  in  nn  individual  wlio  ha<l  movered  from 
dengue. 


Tabi.k  21,-  Immunologic  rclationtki p  belween  tamlfip  ferer  nnd  dengue 
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ItciiKilc,  Hawaii  .. 
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i-  ... 

Typinil  }*uriflfty. 

IMMUNOGENIC  ACTIVITY  OF  VIRUS  IRRADIATED  WITH 
ULTRAVIOLET  LIGHT 

As  regards  the  attempts  to  produce  active  iiuiiiiinity  in  su.'ivptihle  liiiniuii 
lieings,  the  I'esults  described  thus  fur  iiidiciite  (1)  tliiit  .snhinfe<'tive  doses 
inoculated  intmcutiineously  or  iut ravenously  f)iile<l  to  prorliKT  iiinnnnity  to 
larger  iiuioiints  of  virus;  (2)  that  while  the  iiitrtitiuiM'iihir  and  .siilx'utii neons 
inieci  ion  of  infective  amounts  of  virus  seemingly  fret|iieiitly  let!  to  the  develop¬ 
ment  of  an  inap|Nirent  infe«‘tioii  with  sniiseqiieiil  imunmity.  this  ]>n)ce<Inre  was 
impmrticnhie  since  appnixiniutely  aO  |iercelitof  those  iiio<'iilulpd  might  develop 
the  disease:  nnd  ffl)  that  vims  pas-sageil  in  Hiicic  eiuhryns  w  ::ioiise-emhrvu 
cultures  failed  to  produce  the  disease  iiml  also  faileil  to  jinKlnce  iinnimii’v. 
Accordingly,  it  was  of  particular  interest  to  determine  wIietlK-r  or  not  inactiva¬ 
tion  of  the  vim.s  by  some  mild  nienns,  such  as  irnidintion  with  iiltniviolet 
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liffht.  might  alwlish  its  iiifeotivity  without  loss  of  iiimiiinogenic  capacity. 
The  results  of  the  tests  with  the  Middle  East  aiul  Sicilian  stniiiis  of  tlie  virus 
on  26  patients  are  shown  in  table  2H.  It  may  be  seen  that  with  the  particular 
apparatus  used  for  irnidiation  the  effect  on  infectivity  was  highly  irregular. 
Thus,  in  the  experinieiit  with  the  Middle  Ka.st  virus,  all  four  i)atiei;ts  inocnlated 
with  the  nnirradialed  virus  develoiKul  siindfiy  fever,  while  five  of  tlie  six  ])a- 
tients  inocnlated  with  the  same  material  irriidiate<l  for  either  In  or  .“50  minutes 
failed  to  develop  the  disease.  The  one  individual  who  did  de'  elo))  sandfly  fever 
was  inoculated  with  sernin  irnidiated  for  60  ininntes.  In  the  exi>eriiiient  with 
the  Sicilian  vinis,  4  of  5  patients  iiuKadated  widi  the  niiiriixlialed  virus  de¬ 
veloped  the  disease,  while  only  7  of  1.‘5  inocnlated  with  the  same  reniin  irradi¬ 
ated  for  either  l.'i,  35.  or  60  iniuiites  develotted  the  disease.  It  is  woilli  noting 
that  increasing  tlie  time  of  irr.idiation  up  to  60  minutes  failed  to  aliolisli  the 


Tabi.e  28. — Kffcet  of  irrndiatuin  with  ullrarinlrl  tiijhl  nn  infirliiUii  riml  immunmjenic  capacity 
of  mntlfiy  fover  finto  contained  in  bomnn  ofrntii 
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>  In  iti*  ^iriliun  vim.*  group,  fltr  ruiKntb  ifMiniUI^I»niultiu:*o«ii4>  Ihr  Hiuur  iloie  of  viniK  given  bi  tiu:  arven  miW* 
JtrtK  iSa.  II.  I>,  (.’<».  II. V.,  p.  ami  fur  challrnce.  aUik«ek>|w<l  typical  t«untlfl>  tewriin  ihr  MiiMfe  Ra-'t  grbU|i.«if  fcair 
oontrolrlfiomlawl  Ainiulttoieouiily  with  thrMnie<|«i(r«if  vinMgreti  luthr  Awsut  liKi.*  <  M.  Niu.  A. Si. <hrce<levelir|ie<* 
typirmlsaiHlfly  fr^'er. 
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iiifpctivity.  llowevtr,  of  the  11  individuals  iiiociiinted  with  the  irntdiiitrd 
serum  who  failed  to  develop  the.  disease,  all  were  resistant,  on  sul'.sptjiienl  chal- 
leiipe  with  virus  of  ])rovetl  infectivity  in  simultaneous  tests.  Since  siihinfec- 
tive  amounts  of  uniiTadiato<l  virn.s  were  not  found  to  be  capable  of  )>rodiirin^ 
iiiiiiuinity,  and  siiict>  it  seems  ini]irol)able  that  11  rcsi.stant  individuals  were 
enconnteivd  in  thest-  tests,  it  would  ap|)ear  that  after  irradiation  by  ultraviolet 
light  for  a  jteriod  iiisiiflicient  c<nnpletely  to  destroy  the  virus,  siihinfect  ive 
iiinoiiiits  may,  nevertheless,  lie  imniiniogenic.  It  was  intended  to  re|)eat  these 
ex]K'riments  during  the  latter  jiart  of  1!)44,  nsinga  ditTerent  machine,  for  ultra¬ 
violet  irradiation,  hut  the  di/fic.nlty  was  encountered  that  the  sennn  olitilined 
from  volunteers  wlio  develoinul  typical  sandfly  fever  proved  to  he  noninfec- 
tious  in  amounts  of  1  oc.  It.  was  not  realizc<l  until  co)isi<Ierably  later  that  the 
use  of  Negro  volunteers  was  probably  lesjumsible  for  yielding  sennn  which 
either  wasof  a  very  low  infectivity  or  was  completely  noninfective.  As  matters 
stttnd  now,  no  cotichtsive  restilts  are  available,  but  the  data  are  sniliciently 
interestitig  to  warrant  repetition. 

STUDIES  ON  AN  IMMUNOLOGICALI-Y  DISTINCT  SANDFLY 
FEVERLIKE  VIRUS  IN  NAPLES,  1944 

The  incidence  of  sandfly  fever  among  U.S.  troojts  in  Italy  in  11)44  (p)). 
120-122)  was  high.  In  connection  with  a  study  carrieil  out  by  Mttj.  Marshall 
Hertig,  SnC,  and  Lt.  Col.  Ross  L.  Gauld,  MC,  of  an  outbreak  among  Allieil 
Force  Headquarters  j)er.sonnel,  a  numlter  of  sera  were  collected  in  July  1944, 
by  Cajit.  (Inter  Maj.)  Fivrlerick  C.  Robbins,  MC,  l.’Uh  Medical  Genera!  Labo¬ 
ratory,  at  the  suggestion  of  C(d.  IVillinni  S.  Stone,  M(\  NATOUS.\  (North 
African  Theater  of  ()pt‘rations,  IT..S,  Army).  The  clinicnl  manifestations 
exhibited  liy  nil  these  jiatients  were  ns  follows; 

1.  Abrupt  onset. 

2.  Temperatures  liigli,  in  some  cases  105®  F.,  lasting  from  1  to  6  days, 
most  comnMjnly  3  <Iays. 

3.  Aches  and  ]>aiiLS  in  nni.scles  with  severe.  lien<lacbe  and  often  pain  in  the 
eyes  on  pressure  or  movement. 

4.  Diiliisely  injected  conjunct ivae. 

5.  Ix>w  white  counts  averaging .3,000  with  tendency  to  lynipliocytosis. 

6.  ('omplete  recovery  with  only  symptomatic  tlterapy. 

Major  llertig  reporte«l  that  /'.  fHtpataull  wti.s  practically  the  oidy  sandfly 
found  in  the  building  occupied  by  these  people.  The  sera,  wiiich  were  storetl 
in  Diy  Ice  from  the  time  they  were  collectetl,  ultimately  reiiche«l  the  United 
States  and  after  a  nunilter  ot  months  were  used  for  passage  in  human  volun¬ 
teers  at  the  New  Jersey  .State  Prison  in  Trenton. 

The  sennn  of  one  jHitiein  was  selecte<l  for  trial  lusaiiise  it  was  olitainetl 
within  24  hours  after  onset  of  his  fever.  It  was  collectetl  on  12  July  1944,  and 
tested  on  18  December  1944;  1  cc.  of  this  sennn  was  injcctetl  iiitraculaneously 
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in  five  different  sites,  niid  4.4  rc.  wei-e  jriveii  inf  ravenously  to  one  'iiimnn  volun¬ 
teer.  After  nil  iiiciibatioii  period  of  4  tlny.s,  this  vnliiiiteer  developed  n  4-day 
fever  as.sociated  vitli  the  same  tyiie  of  syiu|)toius  wliieli  were  exhibited  by  the 
patients  in  Naples  (that  is,  those  onliiiarily  foiinrl  in  sniidfly  fever),  and  this 
was  associated  with  a  cliantre  in  the  leiikiK-ytes  also  eliaracteristicallj'  found  in 
sandHy  fever  or  denjnie.  Hlood  was  obtained  from  this  vohiiiteer  within  24 
hoiii's  after  onset  of  Ills  syni]itoius  and  fever,  and  ,1.  argypti  inu.sqiiitoes  were 
allowed  to  feeil  on  hiiii  at  that  time.  The  serum  from  this  volunteer  was  snlise- 
qiieiitly  iiiiK'iilated,  during  the  coiii'se  of  various  e.\|)eriuieuts,  in  nine  other 
volunteers  and  reproduced  the  same  disease.  The  incubation  period  was,  in 
all  instimces,  short,  ii.suallv  4  days,  and  in  no  instance  was  any  Ic.sion  in-odnced 
locally  at  the  site  of  inoculation,  nor  did  rash  occur  in  any  of  the  volunteers. 
Two  volunteers  who  had  i-ecovered  from  typical  attacks  followinp  infection 
with  the  Sicilian  strain  of  .sandfly  fever  virus  6  weeks  and  11  weeks  iK-fore, 
respectively,  were  not  ininninc  upon  inoculation  with  this  Naples  strain  of 
virus.  Their  disease  was  in  no  way  different  from  that  of  the  controls  nor 
from  their  ori>;iiiiil  attack  of  sandfly  fever.  Two  other  volunteers,  who  liatl 
l•e(•oveml  from  tyiiiciil,  proved  infections  with  the  jraw.aii  strain  of  dengue 
virus,  C  weeks  and  10  weeks  liefore,  respect ively,  ileveloped  imiiiodifietl  attacks 
of  the  disease  following  inoculation  with  the  Niiple.s  strain  of  vims.  Large 
numbers  of  *4.  acgypti  mosquitoes  wliicli  fed  on  two  Iniinan  voliiiiteer.s  within 
24  hours  after  onset  of  their  fever  were  subsequently  allowed  to  bite  two  other 
volniilet‘rs  after  prolonged  perioils  of  e.xtriiisic  iiicnbiitioii.  One  of  the  voliin- 
teere  was  bitten  by  a  total  of  04  A.  a/>gy/tf!  niosqiiitoes  (14  after  an  18-day 
extrinsic  iiicnbatiun  |)eriod,  30  after  ii  2!)-day  extrinsic  incubation  |)eriod,  24 
after  a  21-day  incnimtion  period,  and  20  after  a  42  day  iiiciibation  period). 
The  other  volunteer  was  bitten  by  a  total  of  84  mosquitoes  (20  within  a  13-diiy 
extrinsic  iiicnbalion  |K>rio(l,  44  within  a  17-dny  extrinsic  incubation  period, 
and  41  within  ii  24-diiy  extrinsic  incubation  period).  Both  of  these  volunteers 
remnine<l  entirely  well  iiiid  3  to  4  weeks  after  this  exposure  were  inoculated 
with  the  Naples  virus  infections  serum.  Both  deveiopeil  the  typical  ex¬ 
perimental  di.seiise  indicating  that  they  were  susceptible  to  this  virus  niid  that 
the  .1 .  aegypti  mosquitoes  could  not  act  as  a  ve<'t<ir  of  this  agent. 

Thus,  we  had  evitlence  of  an  agent  which  was  capable  of  reprwlnciiig  a 
disease  siniiiintiiig  sandfly  fever  in  Imiiiiin  l)cings,  incapable  of  lieing  trans¬ 
mitted  by  .4.  aegypti.  but  at  the  same  time  ininiuiiologicaliy  unrelated  to  imth 
the  dengue  and  tin*  sandfly  fever  viruses.  In  onler  to  determine  whether  or 
not.  the  luck  of  ininninologic  relationship  or  rn)s.s-immiiuity  with  sandfly  fever 
virus  woiked  both  ways,  two  volunteers  who  had  recovered  from  infection 
with  the  Naples  vims  were  reinociilatefl  with  the  same  virus  1  month  later. 
They  reRiste<l  this  se<-ond  iiioridatioii  although  other  volunteers  inoculated 
siiniiltaneoiisly  ilex'eln|>e4l  the  disease  in  the  usual  fiishi<ai.  These  two  volun¬ 
teers,  thus  shown  tt»lM‘  resistant  to  the  Naples  virus,  were  then  iimculated  with 
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the  Sicilian  strain  of  sandfly  fever  virus  and  proceeded  to  develop  after  the 
usual  incubation  periotl  a  tyj'ical  attack  of  sandfly  fever.  Accordingly,  it  was 
proved  that  the  Naples  virus,  which  was  capable  of  giving  rise  to  immunity  to 
itself,  was  incapable  of  producing  resistance  to  the  only  available  type  of  sand¬ 
fly  fever  virus,  ('onverscly,  the  Sicilian-Middle  Ea.st  type  of  sandfly  fever 
virus  capable  of  giving  rise  to  immunity  to  itself  was  incapable  of  inducing 
i-esistance  to  the  Nai)les  virus.  The  only  way  to  jtrove  that  the  Na])les  virus 
was  indeed  a  sandfly  fever  virus  would  have  been  to  establish  the.  fact  of  its 
transmissiliility  liy  ■papatnHii.  Since  /^  papntn:ui  oonl<l  not  l>e  imported 
into  the  United  States,  and  since  it  was  tiot  feasible  to  carry  out  siu  n  tests  at 
that  time  elsewhere,  a  gradocol  membrane  iiltnition  test  was  carried  out  to 
determine  whether  the  particle,  size  of  this  unknown  Naples  strain  wonlu  l)e 
similar  to  or  ditferent  from  that  of  the  Sicilian-Middle  East  type  of  sandfly 
fever  virus.  Since  the  number  of  volunteers  available  for  this  work  at  that 
time  was  alrea<ly  limited,  a  .small  test  was  carried  out.  Serum  of  known  infec¬ 
tions  potency  <liluted  1  ;4  in  physiologic  salt  solution  was  serially  put  tlu-ongh 
gradocol  iiiembranes  having  an  average  |>ore  diameter  of  770,  600,  400,  270, 
101,  and  7a  in;t.  The  liltiiites  from  the  4tK),  270,  101,  and  7.'>  in^i  nienihranes 
were  each  injected  into  nne  volunteer  intravenou.sly  in  amounts  of  10,  11,  1C, 
and  7.5  <•<•..  res|ie<tively.  The  voliinleers  who  received  the  400  and  270  mg 
filtrates  each  devel()|>e<l  the.  typical  ex|ierimental  disease,  while  those  who  re¬ 
ceived  the  101  and  75  mg  filtrates  remained  well.  Accordingly,  even  in  this 
limited  test,  it  was  found  that  the  filtration  endpoint  of  the  Naples  virus  wa.s 
identiciil  with  that  previously  obtained  with  the  Sicilian  strain  of  sandfly  fever 
virus.  Thus,  even  tiinngh  it  proved  impossible  to  carry  out  the  definitive  test 
of  transmission  by  P.  piipat(inli,  tlie  available  laboratory  and  circumstantial 
epidemiologic  evidence  suggest  that  the  Naples  strain  of  virus  in  all  probability 
is  a  strain  of  sandfly  fever  virus  which  is  immunologically  distinct  from 
the  Sicilian-Middle  East  variety."  It  has,  theiefore,  been  demonstrated  for 
the  first  time  that  multiple  immunologic  types  of  sandfly  fever  vims  might 
exist,  which  could  exjdaiii  the  reports  of  multiple  attacks  in  one  season. 

Only  limited  tests  with  the  Naples  strain  of  virus  were  carried  out  in  lab¬ 
oratory  animals.  Serum  freshly  obtained  from  human  volunteers  within  24 
hours  after  onset  of  their  fever  was  inoculated  intracerebrally  into  2-week-old 
Swiss  mice.  Of  the  18  mice  inoculated  with  human  semm,  4  doveloj)ed  rather 
definite  signs  of  central  nervous  system  disturbance  5  to  G  days  after  inocula¬ 
tion,  and  3  of  these  4  mice  died.  However,  passage  of  2  of  these  mice  into  28 
others  yielded  completely  negative,  i-esult.s.  This  work  had  to  l)e  di.scontinued 
liefore  it  could  lie  determined  whether  or  not  innpparent  muUiplication  of 
the  Nii]iles  virus  otvnrretl  in  the  liniins  of  initT. 

l.rtt**r  Lt.  Col.  Albert  B.  Sabin.  MC.  ta  l*reventlre  MedHne  SerTlrr.  Oftre  of  The 
0«*neral.  attn:  Brtx.  Gen.  S.  Bajne-Jonefi.  2A  Jan.  im5.  eiibjeet:  lanlatlnn  of  a  Sandfly  Ferer-Hke 
Vlrue.  Immanolnaleally  IHatlact  From  tke  SMUan  Sandfly  Fee»r  and  Hawaiian  Denrue  Vlruaew. 
From  tbe  Serum  of  a  Patient  With  a  Febrile  lllneea  Oe^irrlna  Amon^  l*fnionBel  of  AFHCi  In 
Italy  During  the  Summer  ot  1S44. 
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CONCLUSIONS 

In  conclusion,  it  may  l)e  siii<l  that  while  the  Inborntory  investigations  on 
the  vims  or  viruses  of  saiulfly  fever,  which  were  encountered  in  the  Mediter¬ 
ranean  area  and  in  the  Middle  East,  gave  us  a  good  deal  more  information  on 
the  basic  properties  of  the  virus  ami,  also,  provided  a  supply  for  storage  and 
future  studies,  the  primary  objectives  of  developing  sonic  method  of  propa¬ 
gating  the  virus  outside  the  liuinan  liody  and  of  a  vaccine  for  the  protection 
of  e.xiMised  iiersonnel  were  not  attained.  It  is,  therefore,  particularly  fortu¬ 
nate  tliat  DDT  was  found  to  be  so  highly  effective  for  the  control  of  /'.  papa- 
tm'il  in  dwellings  and  that  the  available  mosquito  reiiellents  proved  so  effective 
in  protecting  those  who  may  be  exiwsed  out  of  doors.  Even  if  future  efforts 
should  not  lead  to  the  discovery  of  a  vaccine,  sandfly  fever  need  no  longer  be 
the  military  problem  that  it  had  lieen  in  various  operations  in  endemic  areas 
in  the  past. 

FIELD  OBSERVATIONS  ON  SANDFLY  FEVER  IN  AMERICAN  FORCES  WITH 
SPECIAL  REFERENCE  TO  PERIOD  OF  COMBAT  IN  SICILY  IN  1943 

Albert  B.  Sabin,  M.D. 

The  neld  (il»H‘rratii)iiH  to  Ih>  ndatiKl  In  this  Kcctioii  In  lli<<  history  nt  sandfly  fever 
durliw  World  War  II  are  Intended  In  Illustrate  the  following  ikiIiUh: 

1.  The  sources  of  confusion  resniting  from  iiiifitnilllarlly  with  the  disease. 

2.  The  Inadeiiuacy  of  ofliclal  statistics  on  this  disease. 

.X.  The  unfortunate  results  of  treiitliiK  nil  K.lI.O.'s  as  |H)teiithiI  cases  of  nialarla 
under  the  pressure  of  coiidmt  conditions  In  a  region  where  sandfly  fever  Is  endemic. 

4.  The  IiniHirtance  of  this  disease  under  coiniiat  conditions  In  Sicily  In  IlMti. 

."i.  The  failure  of  putting  to  iiractical  use  the  avaiinide  information  on  insect  re|iellents. 

Early  Experiences 

In  June  and  July  1942,  two  epidemics  of  sandfly  fever  were  oluierved  by  members 
of  the  Cmninisslon  on  Neiinitrople  Virus  Ilisenses,  .Vnny  Rpideinioingieni  lioanl,  stationed 
In  the  .Middle  Kast,  the  t1n<t  lielng  at  Deversolr  Field  near  the  Great  Hitter  Taike  on  the 
Sues  t 'll nal.  and  the  second  at  ('amp  Atterbiiry  in  Teheran  (Iran)  (p.  i;)4).  At  Devenwdr 
Field,  the  epidemic  was  2  months  old  before  its  real  nature  lieeame  apiuireiit  to  the 
medical  oflh'crs  nttached  to  the  installation.  The  presence  of  P.  papala»H  and  of  an 
Ilhiess  comimlllde  with  sandfly  fever  was  eonflniml  by  iiienilM'rs  of  the  Ominilsslon,  and 
l*r.  John  K.  I’aiil.  Director  of  the  CoiiimlKslon,  made  a  iwrsoiial  exaiiiliiatlon  of  Ihe  dls- 
laoisary  ns'onls  from  January  to  Dpceiiilier  of  and  graphieaily  summarised  the  data 
shown  here  as  rluirt  111.  It  is  noteworthy  that  In  the  iiegiiiniiiK  sandfly  ftwer  was  eom- 
aioiily  diagnoseil  iis  Influenza.  While  the  secondary  lis-mise  In  '<«‘  numlier  of  eases 
during  Se|iteiidM>r  amt  IKdolier  is  assoelated  with  eessatlon  of  Isoi.  .i<ai  of  patients.  It 
Is  not  known  to  what  extent  newly  arrived  personnel  or  an  Inen-ase  in  the  number  of 
Hiiniinies  or  a  change  In  I'llnintir  coiMlitinns  may  bav<>  lieeii  invoiveil.  Xererthehwa,  It 
is  known  that  iiatieiits.  who  are  not  isolated  or  otherwise  luvitected  from  sandflies,  may 
•M>rve  to  Incrense  the  lofeetliin  rate  among  sandflies.  During  the  first  nomth  of  the  ept- 
deodc  hi  Teheran,  the  eases  were  listed  and  treated  as  maiaria. 
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Clinical  and  Epidemiologic  Survey  in  Sicily 

III  view  (if  those  earlier  eviierieiices,  it  ap|ieiire<l  desirnbie  to  estimate,  if  possible, 
the  extent  to  which  sandfly  fever  was  a  problem  during  the  period  of  active  nilillary 
operations  in  SIcliy.  The  presenee  of  P.  papalanH  and  P.  perniewtut  on  the  Island  was 
previously  recorded  and  conflrined  iu  August  1943,  by  MaJ.  (later  Col.)  Cornelius  B. 
I’hillp,  SiiC,  the  eutuinnlogist  of  the  Coiiimlssion  on  Keiinitropic  Virus  Diseases  in  the 
Middle  East.  The  clinical  and  epIdemUiIogle  surrey  wns  mnde  by  this  nutlior  during 
the  first  week  of  September  1943,  and  most  of  whnt  follows  Is  taken  from  .1  report 
which  he  submitted  to  Col.  Daniel  Franklin,  Surgeon,  Seventh  U.S.  Army,  nt  that  time 
and  from  su|iplenieiitnry  data  contained  in  his  diary  and  flies. 

The  extent  to  which  Aniericnn  troofis  were  being  affn-ted  by  sandfly  fever  was  estl- 
nialed  according  to  two  lines  of  thought;  First,  by  comparison  of  the  'ilr.lciil  manifesta¬ 
tions  and  course  of  "fevers”  oliserved  In  evacuation  ond  Held  hospliahs  witii  those  of 
known  siindtl.v  fever  itin*  iiKHlIcal  ofHcer  milking  tills  coiiiiuirlsoii  iind  siilimitting  till 
ri'isirt  inid  Just  s|H‘nr  4  niontiis  III  the  Middle  East  obsiTviiig  this  diseiisc  ns  It  is'ciirs 
in  trooiw  nnd  studying  the  experimental  disease  ns  it  was  repriHliiced  in  .\merican  volun¬ 
teers)  ;  second,  by  determination  of  tlic  proiiably  relative  proisiiilim  of  iniilarla  and  the 
syndrome  corresponding  to  sandfly  fever  on  the  l>n.sls  of  the  tlliiical  course  and  niani- 
festatloiis  of  a  large  sani|ile  of  “fevers"  iimr/fcc/ixf  hp  thv  vartp  adnifiifs/ro/ioii  of  the 
routine  course  o/  anlimalarlal  thernpp. 

Extensive  rounds  were  made  at  th<>  noth  ond  9Ist  Evacuation  Hospitals  and  at  the 
Util  Field  Hospital,  where  large  numbers  of  potlenta  diogiioeed  as  mninrio,  F.l'.O.,  nnd 
sandfly  fever  were  examined  and  questioned.  The  findings  wore  ns  follows : 

59th  Evacuation  HoapitaL — Cases  then  in  the  hospital  diagnosed  as  poppatnci  fever 
had  not  recelvevl  the  routine  eonrse  of  antlmaiarini  therapy  and  presented  a  lynilrome 
entirely  compatible  with  that  disease. 

Oases  of  fever  were  seen  in  the  first  and  second  ilnj  s  of  the  disease  whose  symptoms 
suggested  imppataci  fever  and  were  not  sahmitted  to  the  course*  of  antimalarlal  therapy. 

The  term  “F.U.O.”  In  this  hospital  was  reserved  for  eases  with  negative  malarial 
smears  and  ellnleal  histories  which  suggested  to  them  neither  malaria  nor  pappataci  fever, 
nor  any  other  diagnosis.  These  were  untrented,  Ckoept  for  c'odelne  and  nsiilrl:*,  nnd  re¬ 
covered  spontaneously  within  a  few  days.  My  examination  of  such  patients  on  the  wimis, 
as  well  us  of  the  clinical  records  of  those  tliot  had  lieen  discharged,  led  me  to  the  belief 
that  practically  all  of  these  patients  |>reaented  syniinmies  compatible  with  the  various 
manifestations  of  siiiidfly  fever. 

As  regards  malaria,  the  records  of  this  hospital  are  confused  by  the  fact  that  when 
the  hospital  first  arrived  on  the  island,  there  had  been  eviicucted  to  it  a  large  miiiiiter  of 
patients  with  the  diagnosla  of  nmlaria  on  whom  routine  ant  him  In  rial  tiieiapy  bail  already 
been  started.  It  waa  believed,  however,  that  many  of  these  iiatleDt.s  did  nut  have  malaria 
and  that  in  many  liistanees  the  reporta  of  positive  smears  which  came  with  those  patients 
conid  not  be  retied  ii|>on.  Among  the  patients  now  on  the  wards,  however.  It  was  striking 
how  the  histories  of  thooe  diagnoned  as  malaria,  whether  or  not  the  smear  was  positive, 
differed  significantly  from  Ihose  diagnosed  an  pappataci  fever  or  F.U.O. 

Because  standard  rriteria  were  not  employed  hy  all  the  medirai  uDeers  in  this  hos|iItaI, 
it  was  not  isMsIble  to  use  the  registrar's  report  for  a  reliable  estimate  of  the  pcoisirtiou 
nt  probable  malaria  and  sandfly  fever.  Among  the  patients  no  the  wards,  there  were  si 
least  ns  many  with  the  diagnooes  F.IT.O.  and  pappataci  fever  as  there  were  with  malaria. 

lilt  EvaenatlMi  HaapMaL — ^This  hospital  {•resented,  in  my  opinion,  the  best  iqiinrtunily 
for  estimating  the  reUtive  profiortlon  of  sandfly  fever  and  maiaiia  oreurring  in  at  least 
ene  |Nirt  of  Sleiiy,  for  the  following  reasons; 

1.  After  afipmximately  the  first  .1  weeks  In  Palermo  <ti7  July  to  aiiont  1.1  August  lM3t 
routine  anttmmtmrtul  tkempp  wmt  no  lungiT  nturted  immr^imtrtp  im  all  frrrm.  It  waa  not 
administered  until  the  clinb-ai  course,  with  or  without  imsitlve  smear,  suggested  malaria 
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Thus,  It  was  observed  that  a  larjte  nuiiilier  of  the  fevers  deferveseed  siiontaniHuisIy  and 
presented  a  clinical  syndrome  entirely  <-oii<iintlble  with  sandfly  fever. 

2.  The  medical  offleera  had  decided  to  use  standard  criteria  for  diagnosis  of  pappatnei 
fever  and  malaria.  F.U.O.  was  used  only  on  the  wards  until  the  clinical  course  of  the 
case  became  clear,  and  it  practically  di8api)eare<l  ns  a  discharge  diagnosis  from  the 
registrar’s  records. 

3.  The  registrar's  statistics  for  the  period  of  14  August  to  3  September  are  based  on 
the  criteria  Just  mentioned. 

On  one  ward  of  32  patients,  there  were  10  with  typical  histories  and  courses  of  jmijv 
patacl  fever  iiualfected  by  antlmninrinl  tlierupy  and  |>etliaiM  4  to  0  more  stlil  dlagtioscd 
as  F.IT.O. 

At  my  request,  the  registrar,  Cnpt,  Stewart  C.  Wagoner,  MC,  preparetl  the  statistics 
separately  for  the  first  period  (27  July  to  13  August)  anil  for  the  second  period  (14  August 
to  3  September).  Tbesc  statistics  arc  shown  in  table  211  niid  throw  the  best  light  on  Die 
proportion  of  proiinliic  malaria  to  probable  sandfly  fever. 

The  statistics  of  the  first  perlml  are  not  unlike  those  of  the  50th  Evacuation  Ilospitai, 
while  those  of  the  second  period  present  perhaps  the  most  accurate  picture  of  what  oc¬ 
curred  among  a  group  of  922  cases  of  “feyer”  (excluding  dysentery  and  diarrhea).  Ap- 
proilmatoly  CO  percent  of  these  (037  cases)  could  be  consklereil  as  iMippataci  fever— tlieir 
clinical  course  was  compatible  with  that  disease;  they  recovered  promptly  without  anti- 
malarial  therapy,  and  their  malaria  smears  were  negative. 

During  the  second  period,  the  probable  sandfly  fever  cases  oonstltnted  .38.0  percent 
(837  of  1,087)  of  the  total  communicable  diseases  and  33.3  percent  (037  of  1,014)  cf 
all  the  admissions  to  the  Olst  Evacuation  Hospital. 

11th  Field  HoapitaL — ^Tfae  situation  In  this  hospital  was  still  the  same  as  th.ac  which 
prevailed  everywhere  during  the  early  weeks  of  the  campaign;  ihat  Is,  practically  all 
patients  with  fever  except  those  with  obvious  dysentery  were  put  on  the  routine  course 
of  antimalarlal  therapy. 

The  medical  officers  bad  beard  of  sandfly  fever  Imt  did  not  attempt  to  make  the 
diagnosis. 


Tahle  211. — Ailmistion,  clnxnijicnlion,  and  dincharge  diagnosin,  f>t»t  Evc-  iation  Umpilnl, 
PaUrmo,  SiMy,  27  July-3  September  1943 
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N'otc.— AlMsIsait  14  AUCUM  1911.  iiulsilsl  thmpy  wm  do  loacw  >riilinFl>-  wiif’lFTm." 
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Uf  four  uew  patieuts  u'ltli  iieKUtive  uialiirta  .smears  whom  I  examined  and  questiuiied, 
three  gave  riitlier  tyi>i<-ul  stoiies  for  t>eKiiiiiliii;  Kiiiiilll.v  fever  (tliese  vviiiild  have  lieeii 
observml  at  the  Ulst  Evaeuathm  lloxpitui  hut  were  iiiiiiietllately  started  an  aiitiuialarlal 
theru|i.r  here)  and  one  a  shailuri.r  siitritestlre  story  of  mniaria — a  history  of  recurrent 
attaeks  of  fever  and  sisniliiatsaiH  deferv^-rM-eiicc  over  a  iierioti  of  o  daj's  with  n  temiierature 
of  E.  on  admission. 

Two  ])atletits  wlio  liad  |sisiilve  smears  and  ha<i  been  receiving  tiic  course  of  antimalarlal 
theru]i.r  Tor  a  aiiiaber  of  days  were  exuiiihusl  and  questioned.  One  gave  a  tyiiieai  liistory 
of  lauiaria  ;  that  is,  rersirrent  chilis  and  fever  liefore  treatment  and  fur  a  period  of  3  days 
after  quinine.  The  other,  however,  gnve  n  <s>niinon  story  o°  sandliy  fever  with  a  temperature 
of  101°  F.  on  the  tirst  day,  100*  tin  the  second  day,  and  1)0°  on  llie  tiiird  day  of  his  Illness. 

One  imtient  who  was  said  to  have  a  |s>sltlve  smear  on  admission  presented  the  most 
oliaracteristlc  ainaifestatlons  and  course  uf  infections  heiuititis. 

The  probienis  presented  by  some  of  these  iiatleuts  are  (1)  the  ix'currence  of  otiier 
febrile  diseases  among  individuals  with  positive  malaria  smears  on  suppressive  therapy, 
nnd  (2i  the  nmaher  of  smears  tiiat  laiiy  erroneously  is*  tallied  isstllive  In  the  held. 

Estimated  Incidence 

.Vn  estimate  of  the  extent  to  which  tlie  fevers  (malaria  and  iiopimtiici)  ere  a  prob¬ 
lem  during  the  campaign  was  tditained  from  Interviews  with  the  conmmndlng  flicer  of  the 
56Ui  Medical  Battalion  ami  the  surgeon  of  the  .Id  Infantry  Division  of  the  Seventh  t'.S. 
Army,  and  from  the  statistical  conipliation  which  was  made  avallnblc  by  the  Dlilce  of  the 
Surgeon.  Seventh  U.S.  Army. 

Kroiii  the  .Vith  Medical  lluttaiinn.  It  was  learned  thnt,  during  the  hrst  10  dnys  of  the 
campaign,  fevers  were  not  a  prubieni  and  that  casualties  coustltnled  the  ma.ior  part  of 
their  work.  After  July,  however,  the  Impression  was  thnt  rnsualtles  made  up  only  10 
percent  of  their  work  and  the  fevers  iiiust  of  the  remainder,  .Vntimalariul  tbempy  was 
started  on  practically  all  fevers,  and  liecause  the  patients  were  quickly  evacuated,  there 
was  no  opisirtuiiity  to  reach  any  filial  conclusion  on  the  nature  of  the  disease  In  most 
Instanees.  The  impression  was  thnt  iiian.v  of  the  siiienrs  were  probably  erroneously 
calleil  iNisItive  and  that  at  least  ii  certain  nniiilier  of  niitreateil  truoiw  iind  selMImlted, 
sbiirt  ( 3-  to  l-diiy )  fevers  Inca|iacltatiug  them  for  &  to  T  days. 

From  the  3d  Infantry  Dlvlaiiai.  it  was  also  learned  that  the  fevers  did  not  become 
a  prolilem  until  after  21  July  when  the  divlalon  entered  and  lilvonackHi  In  Palermn.  During 
the  second  fiart  uf  tbelr  caiii|ialgn,  1-17  August,  with  a  total  strength  of  lk,si-i,  they  bad 
1,2.17  cases  of  disease.  201  of  liijur.v,  and  l,0.Vi  of  woumhsl.  Although  the  divisliin 
adopted  II  rigid  .Itahriiie  (quliiacrliie  liydnsibloride)  discipline  after  23  .Inly  ll'.l  gin.  being 
taken  dallyl,  the  cases  of  fevers  continued  to  nioimt.  Iliiwever,  very  few  men  were 
lost  to  the  division  as  a  reanlt  of  fevers.  The  majority  were  evacuated  to  the  Held  hospital 
and  to  the  evacuation  hospital  which  followed  the  division  and  were  relumed  to  duty  In 
4  to  10  days.  The  iNMceutage  sick  In  lios|iilaI  at  any  one  time  was  not  more  than  1 
percent,  and  the  function  of  the  division  waa  said  not  to  have  been  alfei'trd  seriously. 

Hie  atatlstles  fur  disease  reported  for  the  entire  Seventh  li.S.  .Iniiy  during  the  iieriori 
of  10  July  lOt.3  (iMiay)  (n  3  September  1M3  (table  ■'<0>  listed  only  24B  casea  of  sandfly 
(iwppataci)  fever,  but  at  the  same  time,  there  were  0.NB2  rases  of  F.r.t).  and  7JP<2  cases 
of  malaria,  of  which  only  IJCll  had  piwitive  smears.  The  combinfsl  Incidence  of  sandfly 
fever,  F.U.O.,  and  malaria  was  14,402.  If  the  same  iirorortlon  (KT-d  iwrcenti  of  sandfly 
fever  which  was  found  among  the  022  carefully  oliserved  patlenta  with  this  group  of 
"fevers"  at  the  01st  Evacuation  Hospital  Is  a|ipiled  to  tlie  fever  i-ases  (O.HBl,  exclniling 
the  4,831  malaria  claea  renrted  to  have  bad  |swil!ve  smears)  for  the  entire  Seventh 
U.S.  .Army,  for  the  reportetl  iierlisi.  it  Is  esttinated  that  airproximately  S/JW  may  have  been 
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sandfly  fever.**  Tlie  admission  diuiinosls  In  ilie  majority  of  lliesc  cases  was  F.U.O.  and 
the  proper  diagnosis  made  oiil.r  on  discharge  when  It  was  jiislIHed  hy  the  clliileal  course  of 
the  Illness. 


Table  30. — Incidence  of  dieeanc  in  entire  Seeenih  f  *.(S.  Army  hrttveen  10  July  lO^S  (D-day) 

and  d  Sefdemher 
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>  Total  numbor  with  posltlro  blood  smoura  4.S31. 

Booroe:  Compiled  pom  nootdsin  the  Oflioc  of  the  Simeon,  Headquatters.  Seventh  U.8.  Army,  Palermo,  Sicily. 

The  effect  of  Increased  familiarity  with  the  disease  and  of  the  cessation  of  routine 
anUmaiarlai  therapy  to  all  undiagnosed  fevers  on  the  relative  incidence  with  which 
malaria  and  sandfly  fever  were  dlagiKwetl  In  one  evacuation  hospital  (hist)  in  Sicily  Is 
shown  III  tahle  31.  It  can  be  seen  that  the  change  In  the  Incitlence  of  sandfly  fever  from 
1.4  percent  to  :{:i,3  lierceiit  of  all  adnilssloiis  Is  correlatetl  with  a  droii  of  F.IMI.  from  aJi 
percent  to  0.2  percent  and  of  "negative-sniear  unclassifled''  malaria  from  21.4  percent  to 
4..'1  percent.  Birt,**  in  Itll.l.  writing  of  the  British  experience  in  Iniiia,  anggested  that 
before  inOTt  most  imses  of  sandfly  fever  were  tilagnoseti  us  malaria  and  made  ii  reuia.k 
which  also  apiiears  to  be  applicable  to  the  American  experience  in  Mieiiy  in  1043 : 

«•  •  •  Tirithout  donbt  many  of  the  cures  attributed  to  qiiinlne  have  been  in  times  past 
nothing  but  the  natural  terminations  of  cases  of  aandfly  frver.  Hince  live  or  six  thousand 
attacks  of  sandfly  fever  oernr  annoally  among  the  European  anti  Indian  troops,  the 
amount  of  quinine  which  hai  been  naeiessiy  expended  luu  been  enormons.” 

Oi  even  greater  Importance  than  the  waste  of  quintoe  may  have  been  the  ueedieaa 
evacuation  of  some  thousands  of  men  to  the  commnnicatioDS  aone  in  Africa  for  farther 
treatment  against  a  malaria  which  was  nonexistent.  The  extent  to  which  this  may  have 
ocenrred  Is  again  suggested  hy  the  statistics  obtained  by  Ibe  writer  fn«i  the  hist  Evacua¬ 
tion  Hospital,  whhrh,  it  Is  to  In*  recalled,  established  rigid  criteria  f<ar  the  dlagmmis  of 
malaria  and  taudfljr  fever  after  about  13  August.  Neverthelsss.  during  the  period  of  27 
July  to  23  August  1IH3.  this  hiaqiilai  evacuated  to  the  cmnmanicatinns  lone  2.HnH  patients. 
Of  thene.  382  were  battle  casnaltirs  and  2.S17  were  patients  who  bad  been  admitted  for 
disease  and  maihattle  Injury.  It  is  clear  from  other  statistics  of  this  hospital  already 
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Table  3i. — Effrct  of  incrfanrti  fnmUmrtty  with  the  tiineiut  and  crMOtion  of  routine  antim^larMl 
therapy  to  undiaffnoitrrt  fevrrt  on  tncidrncr  of  dioyttouiM  of  Monday  freer,  Otii  Erae’uation 
Hospital,  Palermo,  Siciltf,  47  July-d  keptembet 
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preti«nted  in  tabim  20  and  .31  that  a  larg<^  nuinhrr  of  ibeae  Wftp  iiuidr  up  of  patIrnU  on 
n'huiii  quinine  therapy  waa  bettuu  wllboul  clearir  eHtabllaliInf  the  dlaanoala  of  nalarta. 

Insufficient  Use  of  insect  Repellents 

It  is  iniinnant  to  be«r  In  mind  that  the  events  In  Sivlly  in  ItMti  uenirred  liefore  the 
lRi|N>rlant  demonstration  l>y  MaJ<ir  Ilertig  of  the  meal  rtTn'Iiveness  of  ]>]IT  In  the  control 
of  P.  papalatii.  N'erertheiess,  it  is  equaliy  lni|a>rtani  to  reeiiii  that  the  larEc  stores  of 
iiisecC  repellent,  which  bad  been  atvuniulatrti  liy  the  Army,  and  wiiose  eVe<'llvenesa  asalnat 
P.  papofoali  bad  been  demonstrated  in  May  liM3,  wrre  pranicaliy  not  ulliiied  at  all  la 
the  campaifu  In  Sicily,  which  did  not  becln  until  10  July  ltH.3.  I’emmal  inquiry  revealed 
that  neither  the  medical  ollicera  nor  the  command  otneera  were  aware  of  the  protectlTs 
properties  of  insect  reiielienta  amlnst  P.  yaiw'aah’  and  aiqiarently  hud  not  >>ren  alerted 
reaardinR  sandfly  fever  as  a  poealble.  aignlflcaut  cause  for  disease  and  nuneffcetlTenean 
In  this  area  of  operations.  It  seemed  quit*  clear  to  this  inTesllitaiur  that  the  Sicily  I'am- 
palsn  failed  to  benellt  from  the  extensive  <vork  that  bad  been  done  on  insect  repellenta, 
because  the  successful  uue  of  re|K-llentn  .lepemiu  to  a  larae  extent  on  ecforcemeut  by 
command  offleers,  who  must  be  informed  and  advised  by  their  medical  collaafoea. 


CHAPTER  X 

Typhus  Fevers 

Stanhope  Bayne-Jones,  M.D. 

Part  I.  Epidemic  (Ex  an  thematic)  Loueeborne  Typhus 

The  two  varieties  of  typhus  fever,  epidemic  and  murine,  to  be  considered 
in  this  chapter  are  a  closely  related  pair  amon^r  the  arthropodborne  rickettsial 
diseases  of  man  Although  they  have  a  number  of  similar  characte/istics, 
they  differ  to  such  an  extent  that  they  require  separate  sections  for  the  ac¬ 
counts  of  their  occurrence,  effects,  and  measures  for  their  prevention  and  con- 
ti-ol.  Accordingly,  part  I  will  deal  wiii  epidemic  (exanthematic)  louseborne 
typliui  and  part  II,  witli  murine  (endemic)  fleaborne  typhus. 

From  the  vantage  ground  of  modem  control  over  these  diseases,  it  is 
]Ki8sible  to  write  about  them  less  luridly  than  has  been  the  custom  in  the  past. 
N'everthcless,  some  of  their  traditional  characteristics  must  be  recalled  to  pro¬ 
vide  a  basis  for  understanding  not  only  the  precautions  that  were  taken 
rontinelj,  but  also  the  oocasioiial  excesses,  inspired  by  terror,  that  were  com¬ 
mitted  in  tite  cause  of  protecting  troops  and  civilians  against  the  possible 
ravages  of  epidemic  typhus.  Ihroughout  centuries,  epidemic  typhus  has  been 
dreaded  as  a  killer,  a  disorganizer  of  human  communities,  and  a  threat  to 
luilitnry  n|)enitioiis.  It  liiis  been  notorious  ns  one  of  the  great  pestilential 
scourges  accompanying  war,  famine,  and  the  dismal  calamities  of  nations.  It 
has  determined  the  outcome  of  military  campaigns  and  has  had  a  fateful 
influence  upon  the  course  of  history. 

During  World  War  II,  epidemic  typhus  was  no  problem  in  the  continental 
United  States.  It  occurred  in  this  country  only  in  occasional  cases  of  men 
brought  in  by  airplane  while  they  were  in  the  incubation  jioriod  or  early  stages 
of  the  disease.  The  mild  form  of  rocrudescent  typhus  known  as  Brill’s  dis¬ 
ease  was  of  no  military  consequence.  On  the  other  hand,  epidemic  typhus 
was  a  constant  threat  in  most  of  the  theaters  of  operations  overseas,  except 
in  the  Middle,  South,  and  Southwest  Pacific  Areas.  In  North  Africa,  the 
Middle  East  (Near  East),  Europe,  Japan,  and  Korea,  it  occurred  in  severe 
epidemics  among  the  civilian  populations  and  occasionally  in  small  episodes 
among  U.S.  Army  personnel.  In  contrast,  murine  typhus  was  a  problem  for 
American  troops  in  camps,  in  extracantonment  areas,  and  in  the  regions  used 
for  maneuvers  in  the  southern  portions  of  the  United  States,  and  to  a  slight 
extent  in  Hawaii. 
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GEOGRAPHIC  DISTRIBUHON  OF  EPIDEMIC  AND  MURINE 

TYPHUS 

Tlie  fx-rnrrencc  ft>id  degree  of  incidence  of  jpidemlc  and  murine  typhus 
in  various  parts  of  tiie.  world  are  indicated  in  map  S.  This  map  is  essentially 
the  same  ns  (lie  one  prepared  in  the  Preventive  Metlicine  Service,  0£Bceof  The 
Surgeon  General,  in  1943.  The  chief  additions  are  the  heavy  shading  over 
Japan  to  indicate  the  high  incidence  of  epidemic  typhus  there  in  194.5,  and 
the  cross  hatching  over  northeastern  United  States  and  Yugoslavia  to  indi¬ 
cate  the  occurrence  of  Brill’s  disease,  definitely  recognized  since  1951  as  le- 
crudescent  epidemic  typhus. 

THE  RICKETTSIAL  DISEASES  OF  MAN 

The  rickettsial  diseases  of  man,  which  include  the  typhus  fevers,  are 
caused  by  minute,  highly  parasitic  micro-organisms  occupying  a  biologic  posi¬ 
tion  between  the  bacteria  and  the  viruses.  The  organisms  usually  occur  within 
the  endothelial  cells  of  the  smaller  blood  vessels  of  many  organs  of  the  body, 
and  circ’ila.e  in  ths  bloodstream  in  the  early  phases  of  infection.  They  have 
not  been  cultivated  ontsid*'  of  living  animal  cells.  Nearly  all  species  are  triins- 
mi’ted  by  arthropods,  hut  some  can  be  transmitted  aerially  by  particles  which 
are  inhaled,  or  are  deposited  in  the  conjunctival  sac  of  the  eye  or  upon  the 
mucous  membrane  of  tlie  nose  of  the  linmnn  victim.  Some  have  reservoirs  in 
the  lower  animals,  such  as  rats,  mice,  voles,  rabbits,  and  dogs.  Their  cycles  of 
growth  are  complicated  and  are  not  fully  known  for  all  species.  As  the  etiolog¬ 
ical  agents  of  ths  more  important  rickettsial  diseases  of  man,  such  ns  the 
typhus  fevers,  have  stages  in  arthropods,  these  agents  are  particularly  vulner¬ 
able  to  attack  directed  against  their  insect  vectors.  Hence,  during  World  War 
II,  control  measures  were  based  largely  upon  destruction  of  the  insect  trans¬ 
mitters.  In  addition,  a  considerable  degree  of  protection  wes  gained  by  im¬ 
munization  with  veccine  composed  of  rickettsial  bodies  and  their  antigenic 
components.  During  the  war,  the  treatment  of  typhus  was  supportive,  al- 
thongh  some  progress  in  chemotherapy  was  made  by  the  administration  of 
PABA  (para-aminobenzoic  acid).  Effective  therapy  with  antibiotics  (dilor- 
airpheniool,  Aueromycin,  and  terramycin)  was  not  developed  until  1948  and 
later.  For  an  authoritative  presentation  of  information  about  the  rickettsial 
diseases  of  man,  the  reader  is  referred  to  the  treatise  edited  by  Rivers.* 

During  World  War  II,  ths  important  groups  of  the  rickettsial  diseases  of 
man  from  the  point  of  view  of  military  preventive  medicine  were  the  typhus 


•aiTcn,  Tboau  K.  <«dllarM  vtnU  iKfccUou  »t  Man.  PUUdcIpkU:  J.  B.  IJpflaeatt  Co.. 
2d  *4*1100.  In  tbla  toIuw*  ***  MpocUUj:  Snjder.  i.  C.:  Th*  TTpbaa  VoTora.  pp.  STS-SIO; 

Coi.  '1.  a :  Tk«  Spottod  Fcm  Oroap,  pp.  «lt-«S7  j  8m*dtl,  J.  B. :  Sernfc  TTpbai,  pp.  ; 

and  8Buid*l,  J.  K. :  Q  Fenr,  pp.  eB2-««4. 
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fevers, =  the  spottc<l  fevers  (ch.  XII),  scrub  tj-pluis  (ch.  XI),  ami  Q  fever.’ 
Trench  fever,  vvliich  .-aused  so  much  illness  among  American  and  Britisli  troops 
during  World  War  I,  did  i.ot  reappear  during  W'orld  War  II.  The  reason  for 
this  is  as  unclear  as  are  the  uncertainties  as  to  the  true  nature  of  tlie  disease 
called  trench  fever.  Kickettsial  pox  was  not  discovered  until  after  the  war, 
oi'd  (here  arc  no  retrospective  diagnoses  of  it  ainong  troojrs  of  the  war  period. 

Statistics  of  the  incidence  of  tlie  chief  rickettsial  diseases  and  the  deaths 
the/  caused  among  U.S.  Armj-  [icrsonnvl  from  1942  through  1945  ai'e  pre¬ 
sented  in  table  112.  The.se  figures  were  compiled  fi-ora  medical  records  giving 
final  diagnoses. 

The  statistics  in  table  32  epitomize  an  experience  that  was  not  expected 
when  the  United  States  entered  the  war.  Ainong  troops,  the  dreaded  epidemic 


Table  32. — JnHiitnee  nf  and  dr.ilkt  due  to  certain  rictcettnal  diseates  in  U.S.  .irmy  pereonnel 
durinff  H'ortd  War  //,  t!f4t-4S 


[PrfUmliury  da.,  hued  on  umplo  lol>iilollt.ns  ol  huUiddual  nwdlcol  recordsl 
ilUlo  ti'iceMod  M  Bomber  of  eeoeo  per  annuin  per  l,OCO  »»er»(ie  P  .-rniftbi 


1  N’umh*r  of 

CMOS 

Incidence 

rate 

N'uinheror 

d^ha 

Epideiaic  (exai.thcmaiir)  louaeborne  typhus: 

1 

ContincMtal  Uniterl  Statwi, ..................... 

0 

Overseas . 

104 

.  01 

0 

Total  Arm  ■ . . . . 

104 

0.  00 

0 

Muriiio  (endemic)  Ucaborne  typhus : 

Continental  United  States . . . ' 

4<t7 

.03 

1 

Ov^erseai. . . . 

200 

.  03 

14 

Total  Anny . 

787 

.  03 

15 

Scrub  typhua,  nnteborno,  tsuUugamushi  disease: 

Continental  United  Statiw  .  . . . 

5 

0.  00 

1 

Overseas  . . 

5.  436 

.  52 

282 

Total  Array _ 

j  5, 441 

.  21 

283 

Undifferentiated  typhus . . 

110 

0.00 

0 

NOT!.— Abouluto  len  li  Indico'ed  bjr  uro  In  the  anita  eoloinD;  aoo  ladksloo  •  nio  of  men  llaa  lero  (Mt  leat  than 

aow. 


>Fur  a  detailed  preiontatloa  of  Uio  clinical  and  laiBnnoIOftcal  aapeett  of  tiptani  ferera.  aeo 
Zarafonetla,  Cbria  J.  D. :  The  Typhna  FoTcra,  In  Mtdlcal  Department,  United  Staten  Army.  Internal 
lledldne  In  World  War  II.  Volume  II.  Infectlono  Uaenaen.  WaaUnpton :  U.S.  OoTemment  Printing 
Office,  IPdS,  pp.  143-223. 

•Dlnfle,  Inhn  R. ;  Q  Fenr.  In  Medical  Department,  United  Statea  Annr.  PiCTentlTe  Medleino 
In  World  War  IT.  Volnmo  V,  ComnnnleaMo  DIacaien  Tmaamltted  Thronib  Contact  or  Bjr  Unknown 
>!«  nt.  Waahiniton :  U.8.  Oorommoot  Prtntlnd  Office,  IVdO,  pp.  401-410. 
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typhus  with,  only  104  cs>ses  tind  no  deaths  was  niiicli  less  a  cause  of  sickness  and 
loss  of  life  than  was  the  inoro  complacently  regarded  murine  typhus,  which 
caused  787  cases  and  15  deaths.  The  low  incidence  and  absence  of  mortality 
of  epidemic  tjphus  attest  to  the  extraordinarily  effective  measures  that  were 
applied  for  the  protection  of  troops  in  all  areas  in  which  that  disease  was 
occan-ii'fr,  sometimes  in  epidemic  proportions,  among  the  enveloping  civilian 
populations.  On  the  other  hand,  there  was  a  mistaken  r.otion  that  murine 
typhus  vas  a  mild  disease,  only.  Control  measures  against  it  were  less  complete 
and  less  effective,  and  troops  were  not  vaccinated  against  murine  typhus.  In 
another  direction,  the  violence  of  the  onslaught  of  miteborne  scrub  typhus  in 
the  Southwest  Pacific  Area  (chiefl3’  in  New  Guinea  and  adjacent  islands,  and 
in  the  Philippines)  and  hi  the  China- Biirma-India  tlieater  had  not  been  aiitici- 
pate<l.  At  the  viart,  lit'Je  information  was  available  upon  which  to  base  esti¬ 
mates  of  the  risks  fcoin  scnili  typhus  in  those  areas.  Protective  measures  had 
to  he  devised  in  the  midst  of  the  encounter.  There  was  no  specific  tlienipy. 
During  the  [leriod  from  1942  through  1945,  scrub  typhus  was  the  cause  of  ill¬ 
ness  ill  5,441  military  personnel,  with  283  deaths.  It  was  the  most  serious  of 
the  rickettsial  d'seases  that  affected  U.S.  Army  personnel.  Scrub  typhus, 
however,  unlike  epiden.i.',  typhus,  lacked  the  potentiality  of  causing  widely 
spreading  epidemics  becauee  it  was  not  transmissible  from  person  to  person. 
In  several  instances,  nevertheless,  it  was  a  serious  hindrance  to  militai^’ 
operations. 

The  incidence  of  epidemic,  loiisebome,  typlui.s  fever  in  the  U.S.  Army  by 
theater  and  year,  1942-45,  is  shown  in  table  .33.  There  were  no  deaths  from 
epidemic  typhus  among  troops.  The  average  duration  of  illness  was  22  days. 
The  estimate  of  daily  noneffectiveness  per  1,000  average  strength  was  less 
than  0.005 — a  negligible  rate. 

EPIDEMIC  (LOUSEBOilNE)  TYPHUS 
Historical  Review  to  1941 

By  exerting  great  influence  iiixm  the  undertaking  and  outcome  of  military 
campaigns  and  by  killing  thousands  to  millions  of  jieople  or  by  so  sickening 
populations  as  to  keep  them  depressed  for  long  periods,  epidemic  typhus 
has  been  at  times  a  major  determinant  of  political,  economic,  and  military 
conditions.  Wliile  this  lias  occurred  in  many  countries,  the  most  important  in 
recent  times  were  the  outbreaks  of  typhus  in  Europe,  the  Balkans,  Bussia, 
North  Africa,  and  the  Middle  East.  The  volumes  of  Prinzing*  and  Zinsser* 
are  still  standard  sources  of  information  on  these  subjects.  So  much  has  been 
written  about  these  outbreaks  of  typhus  that  it  is  not  necessary  to  review  them 
in  de'uil  here. 


^Prlnxlof,  Frledrleb:  Epldemlcf  R^ultlnr  From  Wars.  Oxford:  Clarrndon  Prrmf,  191d. 
*Z10k.aer,  Him:  Hats.  XJee.  and  Illatorj'.  Boston:  Little,  Brown,  and  Co^  19SB. 
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Table  33. — fncitienfe  of  fpidetnie  (exanthemaiic)  iou»ehorne  typhus  frvrr  in  ihe  l\S.  Arwiy,  by 
theater  or  area  and  year^  I94i-4^  * 

I  PreUfn!ri4ry  d»t4  buec  on  Mmple  u^uktions  of  iodltMuol  modlcol  roooitU) 

(Hitioespreaed  m  number  per  onntun  per  1,000  ovon^KO  strenfth] 


Tbcutor  or  ikTon  1 

IM2 

1H3 

1944 

194.*! 

. 

Numtier 

Hatr ! 

Numbrr 

R»tr 

Vumbrr 

R>lr 

N’nmher 

R»tr 

N’limhrr 

RaU- 

0 

0 

0 

0 

. 

Overeeu:  < 

' 

* 

O.ftfl  I 

0 

0 

10 

0.00 

.01  1 

1 

.04 

12 

9 

aoo 

0 

MWdhEiHt . 1  14 

.11 ! 

.IT 

9 

0 

s 

.18 

Cbh.S'Borniftdndia. . 1  6S 

.Ml 

1 

.11 

2S 

.o 

12 

.07 

23 

.11 

G 

0 

0 

0 

0.00 

0 

1 

0 

0 

0 

0 

0 

0 

(1 

0 

0 

0 

0 

1 

Tot’ll overwM.. .  ...1  KM 

0.01 

a 

0.01 

t« 

0.03 

15 

o«o 

40 

001 

TotmiArtny . . :  KM 

0.01 

a 

0.00 

40 

0.01 

IS 

0.00 

40 

OOl 

I  KovImkI  to  iodode  ehangoe  n  .dr  up  to  fl  Od  1900. 

*  iDcludw  Korth  AlHca 
I  inclodM  Alnska  ond  loeknd . 

KoTt.^Abr)tat«  Mto  Isfndteited  by  tero  In  the  QiiiUrQiuJnn;OJlOhMlltoMo  roto  ofmoro  thoi  itio  Imi  Im  Um 9.006. 


Naples,  Italy,  has  been  a  point  of  concentration  in  the  scientific,  political, 
and  military  peregrinations  of  epidemic  typhus.  As  Zinsser  has  expressed  it, 
typhus,  first  definitely  described  by  Fracastorius  *  in  1546  on  the  basis  of  earlier 
observations,  “made  its  political  debut — by  one  of  the  most  far-reaching  and 
profoundly  effective  strokes  of  its  entire  career,  playing  the  decisive  role  in  the 
relief  of  the  Imperial  Army  [of  Charles  V]  at  Naples  when  besieged  by  the 
French  under  Lautrec  in  1528.”  In  World  War  II,  the  outbreak  of  typhus 
in  NapVs,  in  1943-44,  was  reminiscent  of  its  occurrence  at  the  siege  of  Naples 
in  1528.  In  both  instances,  typhus  had  not  occurred  in  Italy  duriug  a  pre¬ 
vious  generation  and  was  introduced  from  the  East.  Unlike  the  events  of 
1528,  however,  when  some  20,000  soldiers  and  untold  numbers  of  civilians  died 
of  the  disease,  in  1943-44  the  potentially  dangerous  outbreak  among  the  civilian 
population  was  quickly  brought  under  control,  the  disease  was  prevented  from 
spreading  beyond  Naples  and  its  vicinity,  and  there  were  only  a  few  cases  and 
no  deaths  from  typhus  among  soldiers  of  the  UJS.  Army. 

During  the  early  16th  century  and  for  the  next  300  years,  typhus  was  con¬ 
stantly  prevftlent  iu  Europe  and  took  great  toll  in  all  of  the  main  military 
campaigns.  During  the  Thirty  Years’  War,  from  1618  to  1648,  typhus  oc- 

■  Fnnutorini,  H. ;  Dc  CoatidoM  et  Costadocls  HoiUi  «t  Eona  CaraUoac.  LibrI  III 
Translated  bj  W.  C.  Wricht.  Nvw  York  :  O.  P.  Pataaa’a  Sons.  tSW.  Sm  espwlallj:  Book  I, 
ContoflOB,  Chapters  I-XITI.  pp.  3-aS ;  sad  Book  II.  ConUilons  IMseaaes.  Chapter  VI.  pp.  lOI-IOS, 
Tb«  Ferer  Called  LrnllcuUe  or  PuactlcaUie  or  Petlcnlar. 
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curred  in  nlinost  everj-  country  in  continental  Europe,  and  in  1700  it  spread 
to  England  niKi  Ireland.  After  1800,  a  change  appeared;  thereafter,  the  out¬ 
breaks  of  typhus  among  troops  and  the  tremendous  epidemics  among  the  ci- 
vilinus  occurred  mostly  in  Eastern  Europe  and  Russia.  For  example,  there 
were  severe  outbreaks  among  Napoleon’s  Army  in  Russia  in  1812,  in  tin'  Rus¬ 
sian,  French,  and  English  troops  in  the  Crimean  War  (1854-56),  and  in  the 
Eus.so-Turkish  War  in  1877.  In  contrast,  there  was  little  or  no  typhus  in  the 
armies  in  the  American  Civil  War  (1861-65)  or  in  the  Franco-Pnissian  War. 

From  ItiOO  onward,  epidemic  typhus  was  prevalent  in  North  Africa,  Egj'pt, 
and  the  Middle  East.  Outbreaks,  from  severe  to  moderate,  occurred  in  Mex¬ 
ico,  South  America,  China,  and  other  areas.  Thus,  epidemic  typhus  took  up 
a  global  position  in  advance  of  the  global  wars  and,  at  an  early  date,  fixed  some 
of  the  determinants  of  the  preventive  medi.une  program  of  Worhl  War  II. 

From  1900  to  the  lieginning  of  World  War  I  in  July  1914,  typhus  con¬ 
tinued  to  occur  in  a  relatively  mild  manner  in  most  of  the  countries  of  Europe 
and  in  Russia.  However,  within  5  months  of  the  beginning  of  this  war,  typhus 
broke  out  in  the  Serbian  Army  and  among  the  thousands  of  Austrian  prisoners 
of  war.  It  spread  with  violence  through  the  troops  and  the  civilians  and 
finally  enveloped  the  entire  Eii.sterii  front.  It  hud  a  definite  influence  upon 
the  whole  military  campaign — directly  upon  the  Eastern,  indirectly  upon  the 
Western,  as  it  did  not  occur  in  France.  As  Zimsscr  has  said :  “Typhus  may 
not  have  won  the  war — but  it  certainly  helped.” 

During  World  War  I  (1914-19)  and  in  the  succeeding  years,  typhus 
acliieved  its  historical  ascendancy  in  Russia  alone.  It  has  been  estimated  that 
fi'om  1917  to  1922  there  were  at  least  25  million  cases  of  typhus  with  2i/^  mil¬ 
lion  deaths  in  territories  now  controlled  by  Soviet  Russia. 

A  decline  of  incidence  of  typhus  throughout  all  the  regions  of  Europe  oc¬ 
curred  during  the  10- year  period  from  1923  to  1933.  Tliereafter,  there  was  a 
notable  increase  of  typhus  in  many  countries,  particularly  in  Rumania,  Poland, 
Yugoslavia,  Spain,  Egypt,  and  the  Soviet  Union,  with  epidemics  impinging 
upon  military  operations  and  civilian  movements  to  1939-40.  At  the  begin- 
ni.ig  of  World  War  II,  the  situation  became  obscured  because  of  the  breakdown 
of  the  system  of  international  reporting  of  infectious  diseases.  After  the  war, 
the  assembly  of  statistics  of  typhus  incidence  in  the  Mediterranean '  area 
gave  a  retrospective  Tie'r  of  the  high  incidence  and  proportionately  great  risks, 
not  fully  appreciated  at  the  time  of  the  landing  in  North  Africa,  to  which 
United  States  and  British  troops  w  ere  exposed  in  French  North  Africa,  Egypt, 
and  Iran. 

Although  epidemic  typhus  fever  lias  probably  never  been  a  serious  prob¬ 
lem,  though  by  no  means  a  negligible  one,  for  the  U.S.  Army,  it  is  fitting  in 
concluding  this  historical  review  to  summarize  notes  from  official  reports  cov¬ 
ering  the  period  from  1916  to  1941.  It  is  to  be  noted  that  as  murine  typhus 

'  Bajrne-JoRM.  Stanhope :  Epidemic  Tjphov  In  the  Xedltcrraaean  Ami  Daring  World  War  11.  in 
Elchcttalal  Etseasea  of  Man.  Wathlnfton:  American  Aaaodatlon  for  the  Adrancement  of  Science, 
IMS,  pp.  1-  15. 
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'.viis  not  niitil  Ithitt  :iiul  wits  iitii  iii<‘lu(U‘<l  :is  sin  itt'iii  <if  diiijriior^is 

in  .lio  Aiiiiy  inrdii'iil  slnlislii-s  until  ilio  siiiirlr  li•!nlv^(  inclinln  InuIi  ty]M*s. 
I'roliiilily  till  lint  :i  fc.'  tint's  iv|Kiri«><l  -.von*  of  tlu>  iMuloiiiic  or  innriiio  viirii'ty. 
'I'lio  inriilcin'c  of  typhus  frvrr  in  ilio  Army  (Inriiifr  lln‘  Worli!  Wiir  ( World  Wiir 
I.  Iltl7-I.'')  Wiis:is  folloiv.;;'  '•fiiin'il  Stulos,  lo;  KnrojK',  7:  othnr  count  rit-s.  Ih: 
ofliccrs.  1:  lotiil  4'J.  'I'o  the  42  ori);in:il  itdiiiissions  for  typhus  fever  must  lie 
tnhicil  more  ciisi's  in  which  this  iiutlndy  !ip|M‘iin*<I  ns  ii  conciirrci't  disensi*. 
Thm>  of  thcs«>  individuals  died."  M<«4t  of  the  Annua)  llejairts  of  Tlie  Sur- 
jreous  ('leiici-id  of  the  .\run  for  the  lisiail  yeiirs  fiami  I'.MIl  to  I'.Ml  do  not  laiutniit 
any  uieiitioii  of  typlius.  .\o  delinitc,  iintpuKtionahle  cases  of  cpiileiiiic  lypliiis 
iip|H‘ar  to  have  occiirii'd  in  I'.S.  tiieips  in  the  Military  K\|H-dition  into  Xnrtli- 
eni  Mexico  |  liiKl).  iti  M'lifhl  M'ar  I  (Iitl7-1N|,  in  the  American  Koi-ces  in 
’'Icrniany  (l!M'.l-‘221.  in  the  .\inerieau  K.xiH'ditioiiary  Force.  Xoiih  Kiissiii 
(llUS-lli),  and  in  the  Kx|Hslit ionary  Forct>s  to  SiU'ria  I  l!MS-2tt).  At  times 
as  during!  the  hiitcr  part  of  World  Witr  1.  "U]>  to  the  sipuii;!r  of  the  armistice, 
our  armies  like  thoM>  of  our  aHU*s.  were  heavily  infestrsl  with  lice,  aiul  to  such 
a  de^riT  that  the  eotidition  was  ahtritiin<r."  It  was  iv|Hirted  that  over  !M'  jH'r- 
ciMit  of  the  'roo|>s  were  “in  a  ventiim  us  i-oiulit  ion.”  Alarm  was  increased 
when  troops  came  itito  coutiiet  with  civilians  in  typhiis-itifected  uivas.  Ap- 
liarently  no  typlius  iwciirivd  amou^  military  iHUSonnel.  This  was  nuoarkahle. 

Scientific  Review,  1909-41 

In  lIMKlatid  1!M0,  Tlownrd  Taylor  Ricketts  discovereil  the  etioloj;ical  ajreut 
of  epidemic  typhus.  I.ater,  in  houo;*  of  IJieketts  and  .'Stanislas  Josef  Mathias 
Von  Prowazek.  laith  of  whom  die«l  of  the  disiaise  while  they  wetv  workiup  on 
it.  the  micm-orptuiism  was  iiametl  Rifk-rtiulti  proirnsi  ki. 

Heiweeit  ISKll  atnl  lli.l!',  Zittsser  and  Ciistenada,  Xippand  Landsteiner.  Ziii, 
ittid  Dyer  and  Henptson  succwhUhI  iti  prowinp  typhus  rickettsiae  in  various 
kinds  of  (issite  eultttres,  hut  with  only  ineaper  yields.  In  {'o.x  ohtainerl 

liirpe  yields  of  the  /kirlk-rtt.ti<i  of  Hmky  Mountain  sjaitriMl  fever  in  cuitnn‘s  in 
the  yolk  sic  niendiratie  of  the  einhryonatwl  hen's  epps,  and.  in  l!'4ii.  Cox  and 
llel't  had  the  sime  success  with  similnr  cuittin's  of  U.  proinisii’!.  This  o|ieued 
the  way  for  new  hiolopicid  disrHiveries  iind  made  jaissible  the  ]iroduetinii  of  an 
effective  typhtis  vaccine  iitid  the  development  of  s|)0*.'ilic  diiipiiostic  iiroeediires. 

Frotii  lUlt'i  until  the  diagiioelic  .senilopy  of  tlie  lyphiis  proup  of 

di».’iises  was  IiiisihI  iiihiii  the  appliitiiintioti  n'neiioiis  with  .sus|>eusioiis  of  .special 
strains  of  I'rotrux  ru/t/tirix  ^(.>X-ly,  OX-*2,  and  UX-K).  This  reaetiim, 
describeil  Jirst  by  A.  Felix  in  ISUt!  and  fitrther  elalmniteil  by  K.  AVeil  iiiul  Felix 
in  11>20,  liecauie  known  ns  the  Weil-Feli.x  reaction.  As  the  hacterinl  coiiiponeiit 
has  no  citiisnl  rehitionship  to  typhus  fever,  the  reaction  is  a  nonsjiecific  one, 
apparently  de|iendii«p  u|N>ti  n  coiniium  nntipeulc  fraction  shareil  by  laith  the 


•Tanker,  Arthur  X.:  Infrctlaua  Jaundice;  Typhwa  IVver:  Tn  nch  l-VTrr.  In  The  Medical  De* 
liartmeat  ct  (he  I'nlled  Htalea  Arni)*  In  Ihc  Wortd  War.  Wflphlntrton:  I'.S.  ((OTemment  rrlnllnc 
Office.  1029.  Tol.  IX.  pi>.  49n-4H5. 
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ricketlsilil  orj.'ani.'-ins  and  the  Proteut  bacteria.  For  a  wliile,  it  was  thought 
that  iigglutinution  of  OX-l'J  was  diagnostic  of  e))ideniic  typhus,  OX-* **2  of 
murine  typlnis,  and  OX-  K  of  scrub  typhus.  Although  tliis  was  not-  strictly  true, 
the  Weil-Felix  reaction,  in  spite  of  lack  of  specificity,  was  a  cmiveiiient  and 
useful  sei  jlopical  test  for  making  presumptive  diagnoses,  for  following  the 
course  of  immunization,  and  for  cariying  out  gross  epidemiological  surveys. 
It  was  used  e.vtensivcly  in  U.ri.  Army  .hospitals  and  laboratories  during  Worlil 
War  II  until  it  was  supplanted  by  specific  preparations  made  from  rickettsine. 
ohtaiiied  in  iibunduuce  from  Cox-(ype  yolk  sac  cultures.  Eickettsial  suspensions 
and  untijp*nio  fractions  wem  introduced  for  use  in  agglutination  and  comple¬ 
ment  fixation  tests  in  1040-41. 

From  iiboiit  1876,  the  IkhI.v  louse  had  been  suspected  of  playing  an  imitor- 
tniit  role,  in  the  irausmission  of  epidemic  t.V|>hus,  but  in  the  absence  of  proof, 
many  cm  ions  ami  inaccnnite  notions  prevailed.  In  1909,  Charles  Nicolle  ))roved 
that  tyjtlius  could  l*e  transmitted  from  man  to  man  by  the  Itody  louse  Peiiicuhis 
huituiiiux  \  ar.  corpork.  Nicolle’s  discoveiy  redirected  the  attack  against  the 
louse  vector,  and  the  adjective  •‘loiiseborne'-  was  added  to  the  name  of  epidemic 
typhus.  Xow,  as  Zinsser ”  wrote:  “Tljc  strategic  initiative,  passed  into  the 
liuuds  of  man  *  *  *  the  victim  was  in  a  position  to  organize  a  rationally  planned 
and  sirntegically  sound  defense  againsf  his  liistovic  enemy.”  It  was  clearly 
vhov.ii  in  Serbia  in  1913,"'  and  in  Poland  in  1920,"  that,  in  the  absence  of  lice, 
typhus  is  not  transmitted  from  pei-son  to  person.  The  all-in. portaut  mode  of 
tnmsiuissiuii  is  by  infected  lou-se  feces  deposited  on  the  skin  while  the  louse 
is  feeding.  (Occasionally,  infection  is  produced  via  the  conjunctival  sac  or 
up]ier  respiratory  tract  by  dust  containing  infected  louse  feces.  The  survival 
of  R.  piv-iraseki  in  dried  louse  feces  over  months  may  account  for  the  persistence 
of  the  micro-organism  during  an  intercpidemic  se.ason  of  ihe  year. 

The  attack  upon  the  louse  vector  of  typhus  fever  was  clumsy  and  inefficient 
until  after  the  outbreak  of  World  War  II,  .althougii  studies  of  possible  im¬ 
provements  were  underway  in  the  late  1930’s.  The  methods  of  delousing  con¬ 
sisted  of  heat  disinfestation  of  clothing  and  bedding,  and  of  bathing  and 
shaving  of  hair.  The  TT.S.  Army  entered  World  War  11  with  the  antilouse 
weapons  of  World  War  I — heavy  bathing  units  and  steam  autoclaves.  Tltesc 
methods  ivmoved  and  ki1  ied  lice,  bi't  as  they  had  no  persistent  or  residual  action, 
tiiey  left  the  pensju  ^-uliierable  to  reinfestation.  Late  in  the  19i0’s,  and  again 
in  about  1941,  .uttention  was  u!rected  to  chemical  insecticides  as  possibly  better 
agents  for  the  control  of  lice.  In  1941,  the  only  available  materials  known  to 
Ijossess  loiisicidal  properties  without  being  too  to.xic  for  man  were  rotenone  and 
pyrethnmi.  In  the  United  States  in  1941,  interest  became  centered  in  a  prep- 

*  footnote  5.  p.  170. 

“Stmne,  Richard  P.,  Hhattuck.  Ocorire  C,  Rcllarda,  A.  Zlniwcr.  Han*,  and  Hopfctnii. 
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aratioii  known  as  M  VI.,  a  louse  powder  consistiii|r  of  pyi'etliriiis  as  the  toxica iit. 
mixed  with  a  syi.erpist,  an  o/icide,  an  nplioxidaiit,  and  a  pyropliyllile  powder 
ns  ii  diluent.  M  VI^  was  adopted  for  use  bj-  the  Army  in  DOT  wa.s  not 

known  to  the  Army  un(  il  a  year  later. 

Precision  in  the  k'nowlodge  of  tyohus  fe'^ers  was  px*iitly  sharpened  in 
15k.Ml  by  the  differentiiuio-  of  murine,  fleabomc,  endemic  typhus  fever  from  the 
cliissical  e)iideniio,  lomebonie,  variety.  Zinsser's  earlier  opinion,  Inter  sub¬ 
stantiated,  that  llrill's  disease  was  a  form  of  recrudescent  epidemic  typhus 
increased  the  clnrifLution.  These  distinctions  wei-e  of  biusie  importance  for  the 
development  of  protn'oms  of  prevention  and  control  of  epidemic  and  murine 
lypiiiis. 

General  Measures  of  Typhus  Control 

Dtii'in^  the  period  from  1900  to  1941,  (lie  following  general  iiiensiires  came 
to  lx*  recognized;  Case  finding,  i.solnlioii  of  cases,  regional  isolation  and  con¬ 
trol,  and  actions  based  upon  cpideiniologica)  intelligence.  Combining  specific 
and  general  element!,  u  Committee  of  Experts  at  a  conference  held  under  the 
auspices  of  the  lA'agtie.  of  Nations  at  Geneva,  Switzerland,  on  8-U)  February 
1937,  summarized  a  con'i^relieusivc  prognnii  for  the  control  of  e))idemic  typhus 
as  follows : 

1.  Case  fiiuling;  “depistnge,” 

ti.  Isolation  of  cases;  ‘MS'  ement  des  ninlades.” 

3.  hsoliit  inn  of  districts  and  regions;  "ctmlon  siinilairt'." 

4.  Oelonsing;  “epouillage.” 

a.  In  military  groups. 

b.  In  civilian  groups,  including  refugees  and  float  iiig  ]iopiilations. 

r>.  Immunization  of  individuals  and  groups  (particidarly  key  medical, 
saiiitiirv,  and  auxiliary  personnel). 

a.  Vaccination  against  typhus. 

b.  Seroprophylaxis  (occasionally)  by  injections  of  immune  or  conva¬ 

lescent  sera. 

F'roiii  the  foregoing,  it  is  clear  that  arrays  of  knowledge  of  typhus  and  its 
control  were  in  existence  well  before  the  entry  of  the  United  States  into  World 
War  II.  Rut  these  principles  and  procedures  had  not  been  marshaled  for  the 
purposes  of  military  preventive  medicine  and  the  public  health  programs  of 
civil  affairs  and  military  government  in  occupied  and  liberated  co-jntries  in 
the  homelands  of  typhus.  Under  the  guidance  and  inspiration  of  Col.  (later 
Brig.  Gen.)  James  S.  Simmons,  MC,  Chief,  Preventive  Medicine  Service, 
this  knowledge  was  assembled,  applied,  and  advanced  through  research.  After 
1941,  the  prevention  and  control  of  typhus  became  a  worldwide  activity  of 
the  Preventive  Medicine  Service  and  an  areawide  activity  of  many  medical 
and  line  organizations  in  the  continental  United  States  and  overseas.  Through 
continuous  research  and  through  the  development  of  new  potent  materials  and 
methods  during  World  War  II,  control  measures  gained  the  capacity  to  con¬ 
quer  liotli  epidemic  and  murine  typhus. 
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PREPARATION  DURING  THE  PRELUDE,  19.H6-41 

On  8  September  1939,  shortly  after  the  Nazis  iiivniiod  Poland  and  Kiijr- 
land  and  France  had  declare<l  war  upon  German}-,  President  Franklin  Delano 
Roosevelt  issued  his  ■‘Proclamation  of  Limited  Nnlional  Kmerjieiicy,"  thereby 
[iiittin^  preparedness  into  motion.  The  consequences  were  great  for  military 
preventive  medicine  in  general  a-id  for  the.  control  of  epidemic  typlnis  ns  a 
specific  activity.  The  .Vrmy's  wartime  program  of  preventive  nietlicine  actn 
ally  began  in  19.39,  alioui  i  years  prior  to  Ainerica'.s  eiitr}-  into  the  war.  It 
was  then  that  The  Surgeon  General  began  to  revise  liis  plans  for  the  ex])an- 
siop.  of  the  entire  Medical  Department  as  a  part  of  the  Army's  prc|>uration 
for  a  defensive  war. 

T'nder  the  direction  of  Maj.  Gen.  James  t.'.  Magee,  The  Surgeon  (ienend 
(1939— l.’i),  tile  “Surgeon  Genenirs  Mobilization  Plan,  1939”  was  issneil  in  De- 
i  einlje*-  1939.  This  provided  for  future  enlargement  of  the  unit  for  preventive 
medicine,  and  it  was  on  the  oasis  of  this  plan  that  Colonel  Siinnions  was 
a.ssigned  to  the  Office,  to  become,  after  a  few-  months  (May  1949),  Diiivtor 
of  the  Preventive  Med.icine  Subdivision  ip  the  Piofessitmal  Service  Division. 
Office  of  The  Surgeon  Guneril.  Reporting  f‘'r  duty  o:i  -24  Fehninry  1940, 
ho  began  at  once  to  initiate  developments  which  becnino  highly  im]>ortiint  for 
both  militaiy  preventive  medicine  and  civilian  public  health.  From  the  start, 
hn  included  typhus  fevers  .ind  other  rickettsial  diseases  among  the  hazards 
against  which  intensifie<i  resenivh  and  the  develojnneiil  of  new  and  lietter 
'iietlKMls  !>f  pirventioii  aiul  <-ontix>l  should  lie  pi-osecnteil  vigorondv. 

Many  jurisdictional  matters  had  to  be  settled  through  sustained  ii  rgnment. 
ft  was  not  gercrally  understood  in  military-medical  circles  that  the  scope  of 
preventive  medicine  encompassed  the  total  Amy  and  was  not  limited  to  the 
care  of  the  sick  and  wounded  which  many  regarded  as  the  main  function  of 
the  Medical  Department.  These  different  roles  ,<»avp  rise  to  different  needs, 
to  conflicts  of  opinion,  and  to  different  systems  of  administration — all  of 
wnich  had  to  be  reconcile.1  within  the  professional  Medical  Department. 

During  the  prelude,  as  well  as  throughout  the  war,  there  were  frequent 
chang.is  of  policy,  organization,  authority,  and  commanding  personnel  from 
the  levels  of  the  General  Staff  through  all  intermediate  units  to  small  com¬ 
ponents  both  at  home  iind  ai-road.  Of  special  significance  for  the  Medical 
Department  und  the  Office  of  The  Surgeon  General  were  the  establishment 
and  operations  of  the  Services  of  Supply,  later  named  the  Army  Service  Forces 
(p.  193).  In  many  of  the  ensuing  situations,  the  Preventive  Medicine  Service 
had  to  strve  to  preserve  its  integrity  and  secure  recognition  of  what  it  needed 
to  perform  services  that  were  indispensable  to  the  health  of  the  Army. 

Appointments  of  officers  in  1940-41  who  became  chiefs  of  subdivisions  or 
branches  in  the  Pret'entive  Medicine  Service  brought  into  the  office  able  men 
who  took  important  parts  in  th.e  future  work  on  typhus.  Among  these  were 
(listing  their  final  ranks)  Col.  William  S.  Stone,  MC  (Sanitation),  Col.  Karl  R. 
Lundelierg,  MC  (Epideiniolog}-),  Col.  Arthur  P.  I.a>ng,  MC  (Infectious  Dis- 
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wises).  Cdl.  KllinU  S.  Ituliiiisdii.  MC  ( I^nlMtiiiiiti  it^).  l"tti.  Tom  F.  AVItiirne,  MC 
(Mi‘<li«':i!  liitcllitiioii'e).  i;ii<l  Col.  Williiiiii  A.  lliii'ileiiliri-^li,  SnC  (Siinitiiry 
pjifriitw'nup) 

At  tlip  end  of  IlUO  iit.d  e-iilv  lit  I!t4l.  in  resjitiiise  to  ideiis  mid  i-eeoiniTienda- 
t  itiii.s  of  < 'oltiitel  Sdttiitoiis.  I  lie  i-i\  iiiiiii  IliKiitl  for  tlie  I  lives!  i):;itioii  mill  Cniit I'd! 
of  Iiifliieiizn  iiiitl  O'lier  Kpideliiie  I)ise:is<‘s  in  .'lie  Ariiiv wtis  esliililislied  ir. 
the  Olliee  of  The  Siirjretiii  (ieiientl  ni.tl  mtiteliwl  to  the  I’reveiitivc  ^fediciile 
.'service.  Later,  tlii.s  i.rpiniziitioii  las'aiiie  kiiitwii  :is  the  .\rttiy  Kpideiniolo^i- 
ciil  llonrd  iiiid  ;'!iiiied  .stitiis  as  ,1  “iiiisi-i‘lliiin*«it!s  activity"  of  the  War  Depnrt- 
inciit.  Originally,  it  consisted  <if  n  central  lioarti  and  lo  roniiiiission.s  cnm- 
|Kised  of  7  t«i  l.'i  distintriiishetl  si'ientists  from  fin*  liehl  of  invest ipations  of 
coiiiitiiinicnlde  diseases,  .illlionph  it  had  a  wiiiiniissioii  fur  eeilaiii  viral  dis¬ 
cuses.  there  was  none  s|iecitically  de.dpnatetl  for  typhus  or  rickettsial  diseases. 
,\everthe|es«.  certain  nieinliei-sof  the  IkKiiil  and  ('oiiitiiissiniisliail  r.vpert  kiiuwl- 
edpe  ainl  interests  in  thi'se  di.seas<>s  and  etinlriliiited  to  the  development  of 
|sil','  ies  and  proccdtnvs  for  the  etintrol  tif  typhus.  .Viiioiip  those  to  lie,  men- 
tionwl  esiavially  were  Dr.  Frtncis  (i.  Itlake.  piesideiit  of  the  Hoard,  and  Dr. 
Kenneth  F.  .Ma.xcy  who,  in  ntidilion  to  their  odier  services,  took  leadinp  parts 
in  the  invest  ipai  ion  tit  srriili  typhus  in  New  Giiinen  in  IID.'I. 

F,.xtensivi‘  iiinl  close  liaison  relnlionshi|>s  were  est  ill  dished  diirinp  104f>-41 
wtlli  inaiiy  tirpnitiziilioiis  in  the  lieltl  of  preventive  iiiedieine.  T!  esc  iiielmletl 
tlie  Ihireitti  of  Afedieitie  iilitl  ,’<nrp*rv,  Xiivv:  tlie  Aiiieriean  ^'-.slieiil  As-stt- 
eintioii;  the  Pan  Anierienii  .sianitarv  Hiirenti;  the  International  Health  Division 
Ilf  the  liockefeller  Foiintlnlioii :  the  Htirean  of  Kiitomohipy  iiin)  Plant  Qiiamn- 
tiiie  of  the  I'.,*',  riepiirtnient  of  .\prienltiiiv;  the  Xatiniml  Reseandi  ('oinicil; 
the  (’oiiiiiittt<*e  tin  Hwlieal  lleseareli.  Office  of  Sdeiitilie  Research  anil  l>evelop- 
iiieitt ;  the  I  Piililii'  lleiiltli  .''ervitv;  the  fst.'ite  Depiiilmeiit :  the  public 
henitli  orpa'ii/atitiiis  of  various  frienilly  pnveriniients:  tnid  other  pnvermneiital 
Ninl  eivtiinii  health  orpanir.atioiis. 

The  ctMipemtioii  of  the  I'-.S,  Public  Health  Herviee  with  the  Annv,  which 
Imil  liecn  notnhiy  vahiiilile  thiriiip  World  War  I,  was  reestiililishisl  in  .hiiuiary 
anil  Fehrimry,  lO-IO,  throiiph  tnm>s|iontleiice  lietween  the  Secretary  of  War 
and  the  Fetleral  StTiirity  Atiniiiiisirtitor.  iit  the  ins; ipiilioii  of  The  Snrpeoii 
ffettenil.  Tlie  apreeinent  pmvitletl  that  the  !’'iililic  Health  Service.  o|t- 
enitiiip  ’.inder  the  antliority  ttf  existinp  liiw.s  and  iisiiip  its  own  resources, 
would  ciMiperate  with  the  Army  in  safepnanlinp  the  health  of  military  ]ier- 
aonnel  liy  suitable  iiietisnres  for  estraciiiitonnieiit  area  sniiitatioii.  This  iir- 
ranpenieiit  lieeaitif  one  of  primary  ini|Mtrtaiire  for  the  prevention  and  control 

<lp  Mmiirandum.  Lt.  Jam#*  9.  MC.  for  tho  (lilrf  of  (hr  Pl.nnalnir  and  Tralnlaf 

tHvlaton  (throiiffh  tlir  ChW  of  thr  l*nif««td<»aal  rMi'latnnI.  27  auHjcvt :  Kutablltih* 

iROBt  of  a  Board  for  Iho  InvovOffallon  of  lafliimM  and  Othrr  RttMoMlm  (n  ibr  (with  uttnchMl 

lottor  for  Mlrnntnrr  n?  Th^  Burp'oii  Onrnill.  (3)  «^tt»r.  MaJ.  Qm.  Jamo*  (*  Maaro.  Tbr  Kiinrraii 
Gi*Boral.  to  tbo  .^JJiitant  Oon**ral.  37  Tb*r.  :  RataMlidimral  of  a  Btaird  for  thr  torratlan* 

ttoB  of  Intln^naM  ami  Och«>r  Kldilrmlo  plarawon  la  thr  Arnix.  with  3*1  Ind.  AO  710  (I2~S7^0>  M-A. 
War  |)r|»artinriit.  A.G.O..  tl  Jaa  10-11,  l>.r  ord^'r  of  tiir  K«*f'iTtary  of  Wnr.  l.l)  Paytip-Jonru.  Rtanhopr ; 
Board  for  tlx*  Inroaflaaiion  and  Coiifroi  of  lnffM«>nia  and  Othrr  Kpld«*tnlr  In  thr  Armr. 

Armj  M.  Bull.  N«i.  04 :  1  33.  Orttiher  1943. 
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of  iiiuriiip  typliiiK  iiiiioii(r  iiiiliinry  permiinp]  in  contact  willi  rnl-infosted  areas 
of  fiiies  aii<l  l«»w  ns  lu-iir  riiiiiiis  in  the  in  tliis  country.  For  the  future 

work  on  e|iiilpMiii'  typhus,  it  was  even  more  iin|Mirtitiit,  goin^  fur  liryoiul  t^ie 
normal  fiiiirtMiii  «if  tin*  Service  in  e-Xercisiiift  control  over  the  nmiiiifnctiire  of 
typhus  vaccine.  'I'lmHijrli  this  rehitioiishim  the  irivat  hiborntories  of  the  I'X 
I’nhiic  Ilcalih  .Serrii-e.  ivnowiie<l  for  stmlies  of  rickettsial  infrs'tions  (especially 
typhus),  were  hron^rlit  into  close  touch  with  the  Army,  and  the  e.xiiert  services 
of  ilistintrnishni  bimI  inflnentiiil  men  in  this  tield  liecniiie  available  for  the  r<I- 
TBin-einent  of  tin*  inililary  typhus  ••ontnd  projrrani.  Ks|a’ciallr  t<i  be  recnilwl 
ill  this  ctaiiHS'l itiii  arc  l>r.  'rii<Niiiis  Fiirmii.  Siir|::pnii  (ieneral,  IJ.S.  I’ublic 
Health  .S“rvi<e;  Hr.  Kolia  K.  Hyer.  I>ir«“ctor,  Xat'iainl  Institute  of  Health; 
loul  Hr.  Norionx  II.  'roiipinff.  Assistant  Chief.  Hivision  itf  Infections  Diseases, 
National  Institute  of  Health.  These  three  (NH'aine  ineiiiliers  of  the  United 
.^states  of  .Vmerica  Typhus  ('<aii:iiission. 

.\ii  ini|N>nniit  relathiii.sliip  iras  f‘stiihlislie<l  early  la'tween  the  Preventive 
Me<liciiie  Service  ami  the  Itiireaii  »»f  Kiitoimilotry  ami  Plant  Qiiariiiitiiie,  U.S. 
He|Mnnieiit  of  Agriculture.  .Vs  Hr.  K.  F.  Kiiiplin);.  rhief  of  that  Hiirtmu,  has 
written:"  “*  *  *  in  ISHI,  ivpresema lives  of  tlie  Office  of  The  Siirffeoit  Oen- 
eral.  I'.S.  Army,  and  other  res|Hinsihle  iiieilical  men  anioiif! civilian  institutions 
rrt|in  sted  the  Itiirean  of  Kiitiaiiolo|(>'  and  Plant  Qiianintiiie  to  formulate  plans 
for  conduct iii|r  reseaix-h  tat  the  control  of  lire,  ns  well  ns  other  niedicnlly  iin- 
|a>rl:int  insects  and  arachnids.**  ('nhaiel  .Sininions  and  Major  Stone  were 
chieily  iiistraiiientnl  in  dniwiii};  this  itiireaii  into  work  on  pixihlenis  of  medical 
iiiiiitary  sitPiilicniiri*.  'Tlie  effective  louse  jMiwders  iiserl  by  the  Army  during 
tlie  war  came  largely  fnan  thi.s  collahomtion. 

Two  events  that  (HTiimsI  outside  tlie  Meilical  I)e|Mii1nient  during  this 
ivriiwl  of  (lie  pndinle  exerteal  inffnence  upon  preventive  nieilicine  and  typhus 
control.  Tlie  tirsl  was  tlie  Army  ninnenvers  in  tlie  South ;  the  sectnid  was  the 
~d«*stniyer  ileal.** 

'rite  large  iiiaiieuvers  nmiliM'tnl  by  t lie  Army  in  tlie  South  in  1040  and  1041 
wen-  ilie  first  genuine  ror|>s  and  amiy  maneuvers  in  the  history  of  the  Nation. 
I.'irge  pmidems  of  ciHilrol  of  iiiseii  vn-tors  of  disease  were  eiiconniereil,  and 
iliere  was  some  exposure  l<>  miirine  typhus. 

On  3  Septemlw  104tl.  Presiilent  Ilooeevrit  annoinii-ed  to  the  Congress  that 
an  agreement  had  Uen  made  between  the  Kritisli  anil  riiiteil  States  Govem- 
inents  by  wh*irli  .’Ml  overage  deetroyera  woiihl  be  excliangeil  for  British  naval 
l«.*ies  ami  airbases  in  Newfoundland.  Bermuda,  the  Bahamas.  Jamaica,  Saint 
f.ticia,  Triniilad,  .Vntigua.  and  British  Guiana.  Alllmugli  the  operations  of 
establishinent  s:'d  maintenanee  of  these  bases,  inriuding  the  provision  of  medi- 
iwl  serv’ues,  were  (iriinanly  nniler  the  Corps  of  Kngineers,  the  Preventive  Medi¬ 
cine  Service  liecanie  concemeil  with  the  sanitary*  surveys  of  tlie  areas,  and  in 
tlie  control  of  malaria  ami  otlier  communicable  diseases.  F'or  (liis  work.  Col. 


K-  t*  •  t>liT  Oili^  for  IlM  Coiitmt  of  Ur:*  mm]  Hot!  Altiefcliiff  Siaa. 

fo  EIrfcrtlotal  HUpowok  nf  Man.  WaolilBato* :  Aai^rteaa  AMorialtna  for  llie  Adraarrmrat  of  Kdrsce, 
ladft.  pf.  3IA  m. 
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(Inter  15i-ip.  Gen.)  Letni  A.  Fox,  MC'.  was  detnilcd  to  the  Corjjs  of  Kiigineers 
to  <lirect  tlie  niedicjil  nnd  siinitary  work.  Later,  after  he  returned  to  the  Medi¬ 
cal  Iiepnrtnieiit  in  lie  wiis  promoted  to  the  rank  of  brij^ndier  general 

mid  seiTed  as  the  aivond  Director  and  lirst  Field  Director  of  the  I'.S.A.  Typhus 
Comniissloii. 

In  Decenib?/  1941,  endemic,  murine,  typhus  was  tonnd  to  be  fairly  preva¬ 
lent  in  Jamaica.”  Through  the  investigation  of  the  disease  by  a  group  sent 
from  the  Virur  and  Kickettsial  Di.sea.ses  Ijiborntory  of  the  Army  Medical 
Sciiool,  \Viishington,  D.C.,  interest  in  tj'phiis  was  quickened.  Later,  the  five 
members  of  this  group,  including  Lt.  Col.  (later  Col.)  Harry  Plotz,  MC,  be- 
ciinie  altachetl  sa  vario.is  capacities  to  the  U.S.A.  Typhus  Commission  and 
woi'kctl  hitli  abroad  and  in  laboratories  in  this  conntrj-  on  problems  of  epidemic 
typlsus,  murine  typhus,  and  scrub  typhus. 

FRO  VI  PEARL  HARBOR  TO  NORTH  AFRICA,  1941-42 

This  period  began  with  the  Japanese  attack  on  Pearl  Harbor  on  7  Decem¬ 
ber  lOtl,  and  (he  declaration  of  war  on  Japan  by  the  United  States  on  the 
following  day.  On  11  December,  Gennnny  nnd  Italy  declared  war  on  the 
United  States,  and  t)ie  United  States  declared  w.ar  on  those  countries.  The 
yenr  included  severa'i  moiitlis  of  planning  and  preparation  for  Operation 
TORCH,  which  culminated  in  the  landings  of  the  Allied  Forces  of  the  Uniteil 
Slates  and  Great  Britain  in  French  North  .Africa  on  8  November  1942.  Partly 
as  a  consequence  of  this  first  movement  of  troops  into  a  typhus-infected  region, 
the  United  States  of  America  Typhus  Commission  was  estiddished  by  an 
Executive  order  of  the  President,  on  24  December  1942. 

Immaniration  against  typhns. — Vaccination  against  epidemic  typhus 
was  adopted  for  the  Army  on  0  .Tanuary  1942.  As  the  history  of  typhus  vaccine 
and  a  discussion  of  its  use  have  been  presented  by  Long,”  in  another  volume  of 
this  series,  only  a  brief  iilsstract  with  a  few  adilitioiial  details  will  be  recorded 
here. 

The  first  type  of  typhus  vaccine  adopted  for  use  in  the  Army,  as  recom¬ 
mended  by  the  llivision  of  Metlical  Sciences  of  the  National  Research  Council 
on  22  October  1941,  was  the  Cox  vaccine.  This  consisted  of  a  suspension  of 
typhus  rickettsiae  (Breinl  strain)  that  had  been  grown  in  the  yolk  sac  of 
embryonated  hen’s  eggs,  extracted  by  centrifugation,  washed,  and  killed  with 
formalin.  Its  use  was  prescribed  first  in  AVnr  Department  Circular  No.  4, 
dated  6  January  1942,  which  specified  in  section  HI;  “All  military  personnel 
stationed  in  or  traveling  through  Asia,  Africa,  continental  Europe,  or  other 
areas  where  danger  from  epidemic  typhus  exists  will  be  immunized  with  typhus 
vaccine  as  prescribed  by  The  Surgeon  General.”  This  War  Department  cir- 


** Plots,  H.,  Woodward.  T.  E..  C.  B..  Bennett.  B.  L..  nnd  Evhrii.  K.  L.:  Rndenfc  Typhit 

Ferrr  IB  jQMalea.  B.W.I.  Am.  J.  Pok.  Health  3.1 : 912-814.  Jnir  1M8. 

“Lonff,  ArtLnr  P. :  The  Armj  In»manlBation  Profmn.  In  Mtdlcal  TViNirtiiiect.  United  State* 
*nnj.  PioTrBtlTe  Medldno  In  World  War  II.  Volnmo  IK.  IVraonal  Health  Mearami  i^nd  Inmnnl- 
MtloB.  WaalilBCtBB :  U.8.  Oortrainent  Printlov  OSWr.  1855,  pp.  271-272  and  pp.  .118-328. 
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culnr,  pi'e])ared  in  the  Preventive  Medicine  Service,  stated  at  this  early  date  a 
iwlicy  tliat  prevailed  tliroiij,'liout  the  war.  "Other  areas*’  were  specified  from 
tln.e  to  time,  and  tlie  coin|>ositioii  and  dosage  schedules  of  the  vaccine  were 
clianged  as  experience  dictated. 

Early  in  1942,  it  was  realized  that  the  original  ('ox-ty|)e  vaci’iiie  lacked 
immunizing  jjolency.  The  antigenic  content  wa.s  thereafter  increased  by  using 
Craigic's  method  '*  of  ether -extraction  of  suspensions  of  rickettsiae  from  yolk 
sac  cultures  and  by  the  addition  of  a  previously  discarded  soluble  specitic 
polysaccharide  antigen.  This  soluble  specitic  substance  was  discovered  almost 
simultaneously  in  tlie  first  quarter  of  1942  by  Colonel  Plotz  *'  at  the  Army 
Medical  School  and  by  Topping  and  Shear  “  at  the  Xational  Institute  of 
Health.  Procureniciit  of  this  improved  vaccine  took  time,  and  in  the  mean¬ 
time,  the  original  tyjK^  w,is  usetl.  The  new  type  was  gradually  iiitroduceil 
and  was  the  only  type  used  after  March  1913. 

The  effectiveness  of  vaccination  against  typhus  was  open  to  question. 
Besults  of  animal  tests  'jeciime  increasingly  more  favorable  with  vaccine  en- 
t  iched  in  antigenic  content.  That  injectioas  of  the  vaccine  into  investigators 
and  technicians  handling  materials  containing  live  rickettsiae  protected  against 
fatality,  if  not  against  infection,  became  clear.  But  evidence  from  field  trials 
was  needed  as  a  basis  for  making  an  estimate  of  the  degree  of  protection 
that  might  be  expected  to  exist  among  vaccinated  troops  exposed  to  natural 
infect  ion  frti.n  contact  witli  initive  ]K>pulalions  under  epidemic  conditions  dur¬ 
ing  ciiinpaigiis.  ('oiilrolled  studies  of  the  efficacy  of  typhus  vaccine  were  made 
one  of  the  primary  objectives  of  the  U.S.A.  Typhus  Commission,  and  such 
studies  were  carried  out  in  Egypt.  Tlie  question  was  answered  affirmatively 
in  1944. 

Control  of  lice  by  insecticides. — In  the  attack  on  lice,  particularly 
P.  humanw  var.  cvrporlt.  tlie  transmitter  of  e|>ideniic  typhus,  gains  were  made 
early  in  1942.  By  the  end  of  the  year,  the  achievement  was  becoming  one  of 
the  major  scientific  advances  of  the  war.  Under  the  direction  of  Colonel 
Simmons,  Maj.  (later  Lt.  Col.)  William  S.  Stone,  MC,  Chief  of  the  Sanita¬ 
tion  Branch,  was  the  immediate  leader  of  this  project  in  the  Preventive  Medi¬ 
cine  Division.  To  his  foresight  and  enei^  is  due  a  large  part  of  the  Army’s 
successful  control  of  epidemic  typhus.  The  Sanitary  Engineering  Branch, 
Preventive  Medicine  Division,  under  Col.  William  A.  Tlardenhergh,  Sn(',  also 
collaborated  in  the  studies  lousicides  and  carried  on  extensive  work  on 
rodent  control.  The  major  collaborating  civilian  agencies  and  nonmilitary 
Government  agencies  were  (1)  the  Bureau  of  Entomology  and  Plant  Quar- 

Jmmm:  Application  and  Control  4^  Etkjl>Btlior-Watrr  Interface  Effect!  to  tbe  8cpara> 
Hon  of  K-.cfcettalae  From  Tolk  ftac  HiiHprnidaoa.  Canadian  J.  Beaenreh  2S.  ftection  E:  104-114,  Jnne 
1945.  (linnnscrfpt  waa  aubmltted  on  •  Feb.  1942.  bnt  vna  wttkbdd  from  pabllcatlon  for  aemrltj 
rettona.) 

Report,  Col.  Harrx  Plots.  MC  for  Ibe  Director.  United  SUtea  of  America  T^phua  Commlaaion. 
IS  Jan.  1946.  aubjec; :  Report  on  Contrlkatlona  From  tbe  DIrleloo  of  Vlrva  and  Ri^ettalal  DteeniieH, 

Medical  School,  on  the  Development  of  the  T^pbaa  Van’lne. 

^Topplni,  N.  H.,  and  6bear,  M.  J. :  Stndlea  of  Tjrpbna  Fever  Vaednea.  Section  111.  Stadlea  of 
Aiitlcena  of  infected  Tolk  Snea.  Nat.  laaL  Health  Bull.  No.  186;  13-17,  1945.  (Tbla  Bnllelln 
contOna  reporta  that  had  been  withheld  frnin  ptiMIcatlon  f«»r  eet  iirftr  reaiw>ne.> 
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antine,  U.S.  Department  of  Agriculture;  (2)  the  Division  of  Pliamiacology 
of  the  Food  and  Drug  Administnition,  Federal  Security  Administration;  (3) 
tlie  International  Health  Division,  Kockeieller  Foundation;  and  (4)  the  Na¬ 
tional  Institute  of  Health,  U.S.  Public  Health  Service.  The  studies  were 
coordinated  by  the  National  Kesearcli  Council  and  the  Committee  on  Medical 
Itesenivh,  Olli<‘e  of  Scientilic  Iteseaivh  and  I )evelo]>inent.  In  April  1!)42,  the 
facilities  at  the  Orlando,  Fla.,  Laboratory  of  the  Division  of  Insects  Affecting 
Man  were  expanded  for  this  work.'*  In  the  hibomtories  of  the  Divisions  of 
Insecticide  Investigations  an<l  Control  Invest ipit ions  of  the  U.S.  Department 
of  Agriculture  at  Beltsville,  Md.,  increaseil  atteiitiuii  was  given  to  problems 
of  military  importance. 

The  subjects  of  .nsecticide  (lousicide)  research,  development,  and  appli¬ 
cation  are  treateil  in  jwrtii.ns  of  other  vohinies  of  this  series  by  Colonels  Hard- 
enltergh.'”  Callison,-'  and  VVlinyne.”  Only  a  short  account  and  commentary 
win  be  presented  here. 

Insecticide  (lottslcide)  powders.— At  the  beginning  of  1!>12,  the  Army 
had  available  for  the  control  of  body  lice  an  insecticidal  powder  containing 
rotenone  an<l  py.ethrins.  It  was  only  moderately  effective.  In  the  searcli 
for  new  compounds  and  new  combinations  of  ingredients,  an  extensive  screen¬ 
ing  process  was  put  into  ojN^rntioii.  Most  of  the  work  was  done  at  the  Orlando 
I.aboratory  'vliere  a  large  colony  of  lice  (25,000  to  75,000)  was  maintained  and 
many  liuiiia!)  beings  were  eiupl«ye«l  as  subjects  for  the  feeding  of  the  lice  and 
for  teste.  The  objective  was  to  finil  a  substiiiice  or  combination  of  substances 
which  when  applied  to  the  skin  or  clothing  would  kill  lice  and  their  eggs 
rapidly  and  would  persist  for  some  days  at  the  site  of  application  exerting 
a  residual  effect.  Before  the  advent  of  DDT,  the  objective  was  partly  attained 
tlimiigh  the  tiiuliiig  that  |>iirifiod  noiiirritating  pyrethrins  could  given 
greater  activity  as  the  toxicant  by  using  ii-isobutylundecylenamide  as  a  syner¬ 
gist,  and  the  finding  tiiat  2,4-dinitronnisole  was  n  good  ovicide  for  killing 
louse  eggs  Tlie  stiibility  of  the  pyrethrins  was  iniprovesl  by  the  addition  of 
an  antioxidant,  phenol  S.  The  dihient,  or  carrier  jwwder,  was  micronized 
pjrrophyllite.  The  preparation  composed  of  these  substances  finally  recom¬ 
mended  by  the  Biirenn  of  Kntoinology  and  Plant  Quarantine  through  the 
Orlando  I/iboratory  and  through  the  National  Research  Council  on  18  Au¬ 
gust  IM'i  was  known  as  MYXi. 


**  Halter,  H.  L..  and  Criatol,  8.  J.:  The  Develo^Beat  of  Krv  InoectlHdea.  In  AdraBcea  In  IIDI- 
tarj  MedlflBe.  Boatoa :  LUde«  Brown,  and  Co..  IMfl.  rol.  11.  ch.  XL.  pp.  •21-826. 

**  (1)  llardenberfb,  WIHUh  A. :  Control  of  Inarcta.  In  Medical  DepnrtmeDt  United  Btatea  Army. 
Prerentlve  Medldne  In  World  War  11.  Volume  11.  Enflronairntal  H/clcne.  Wanhlngton :  U.8. 
GoTemm?Bt  Fiiatlnr  Offlce,  19&9.  p|i.  231-232.  <2)  Hirdenbenrii.  William  A.:  Tbe  Rcaearcli  Bade* 

RTWBnd  of  Inacct  and  Rodent  Control.  In  UediMl  Dfftnrtment.  United  Stnlea  Arm/.  Prevcntlro 
XedMne  In  World  War  11.  Volnmc  11.  EnvlronnMBtal  U/r1ene.  Waablnfton :  U.S.  Oovemment 
Printing  06k;«.  1»33.  pp.  231-26  >. 

*^COIliooB,  Robert  L. !  Peroonal  H/flene.  In  Medical  Department,  Uulted  Statea  Am/.  Pro- 
▼entlee  Medlelno  In  World  War  11.  Volnme  111.  Peraonal  nealtli  Meaanrea  aod  ImmanlmatloB.  Wadi- 
InytoB  U.S.  Ooeerament  Printing  Office.  pp.  24  and  26. 

’^Wha/ne.  Tom  F. :  Clothing.  In  Medical  Department,  United  Staten  Arm/.  Prerentlre  Med- 
Idne  .n  World  War  II.  Volume  111.  Pereonal  Health  Mraanrcn  and  Immunlaatlon.  Waablngton: 
U.S.  Ooremment  Printing  OSce,  IffOS,  pp.  37-08. 
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Oil  19  August  1942,  Colonel  Stone,  writing  for  The  Surgeon  General, 
recommended  to  the  Chief  of  Engineers  that  MYL  be  adopted,  procured,  and 
issued  in  place  of  the  pow  der  thru  in  use. 

At  this  time,  the  Chief  of  Engineers  was  charged  with  the  responsibility 
for  procurement  and  if-sue  of  insecticidal  powders  against  body  lice  under 
his  project  for  repellents  against  flying  insects,  which  was  a  portion  of  his 
resjKnisibllity  for  the  “execution  of  insect  control  programs  including  ditching 
and  drainage.”  Fortunately,  these  incongruous  arrangements  were  changed 
gradually  during  the  year  and  finally  in  August  194;i,”  when  The  Surgeon 
Genera’  was,  made  responsible  for  speciflcatioiis,  and  the  Quartermaster  Corps 
was  made  responsible  for  re(]uircments,  funds,  purchase,  inspection,  storage, 
and  issue.  AH  (Army  liegulations)  40-205,  31  December  1942,  placed  new 
emphasis  upon  the  use  of  insecticidal  powder  for  the  control  of  body  lice. 
It  advised  tiiat  the  approved  Quartermaster  Corjis  Lssue  be  dusted  into  the 
seams  of  clothing  every  7  to  10  days,  not  only  as  a  delousing  measure  but  ns  a 
prophylactic  against  infestation. 

As  a  ru'e,  louse  powder  was  issued  in  2-ounce  shaker  cans  labeled  “Insecti¬ 
cide  Powder  for  liody  Crawling  Insects.”  As  the  labels  never  carried  a  state¬ 
ment  of  the  composition  of  the  powder,  the  user  in  the  Held  did  not  always 
know  what  any  particular  can  contained.  MYI.1  (pyrethrins)  came  into  in¬ 
creasing  use  toward  the  end  of  1942  and  until  the  fall  of  1943  when  it  was 
replaced  gradually  by  DDT. 

The  work  that  led  to  the  adoption  of  DDT  began  in  1942.  The  initials 
DDT  stood  for  the  relatively  simple  eomi»ound,  dichlorodiphenyltrichloro- 
ethane.  It  was  ^nthesized  in  1874  by  Othmar  Zeidler,  a  young  German  student 
of  chemistry  at  Strasbourg,  in  connection  with  his  thesis  on  chlorinated  phenyl 
compounds.  The  formula  remained  in  obscurity  in  a  chemical  jounial  for 
nearly  70  years  before  its  biological  properties  were  tested.  For  some  10  years 
before  19.39,  the  J.  R.  Geigy  Company  of  Basel,  Switzerland,  had  been  working 
on  insecticides.  Their  chemists,  especially  Drs.  P.  Lunger  and  P.  Mueller, 
found  that  the  water  insoluble,  fiat-soluble  compound,  DDT,  had  extraor¬ 
dinary  activity  against  insect  pests  and  parasites  of  man  and  animals.  It 
was  recognized  as  a  contact  poison,  lethal  in  minute  amounts  to  a  great  variety 
of  insects,  and  possessing  a  prolonged  residual  effect — up  to  6  weeks — when 
applied  to  walls,  screens,  clothing,  and  skin.  It  was  not  an  ovicide,  but  this 
did  not  matter  because  the  residual  effect  killed  off  successive  crops  of  nymphs 
as  they  emerged  from  eggs.  The  Geigy  Company  patented  the  material  and 
made  it  the  active  ingredient  of  Neocid  (or  Gesarol),  the  lousicidal  effect  of 
which  was  known  to  membeis  of  the  company’s  staff  and  Dr.  H.  Mooser,** 
typhus  expert.  Dr.  Moosers  tests  of  Neocid  as  a  lousicide  were  made  at  his 
Institute  of  Hygiene  at  the  University  of  Zurich  early  in  1942,  and  in  a  speech 

^  (1)  War  DepirtiD^nt  Circular  No.  ff9.  7  Mar,  1942.  (2>  War  Depurtment  Clreultr  No.  17S, 

7  Avff.  1943. 

^Mooocr,  H.:  Die  Bedeutunff  deo  Neocid  Gelirj  nir  die  YerbOtunK  and  Beklmpfoiif  der  dnreb 
Ineefcten  titertrasenen  KrinkUeltcn.  Sebweli.  med.  Webnrebr.  74  :  947,  1944. 
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111  Geneva,  on  1 S  Se|i(eniber  ll>4'2,  on  typhus  fever,  I>r.  Muoser  reported  on  hia 
laboratory  e\perinieiits  with  Neocid  on  body  lice  and  s])oke  of  the  possibilities 
apparently  offered  by  the  preparation  for  the  control  of  typhus  epidemics. 
The  Geig'j'  Company,  in  Aiipist  1S>42,  informed  the  Ainericiin  and  British 
attaches  in  Switzerland  about  the  remarkable  insecticidal  ])ro]ierties  of  DDT. 
Ill  Octolier  or  Xoveiiilier  1!)42,  the  Geijjy  Coinjwiiiy's  New  York  biiiiich  pive 
the  Orlando  I.4iborutory  of  the  Bureau  of  Entomology  nnd  Plant  Quarantine, 
U.S.  Department  of  Agriculture,  a  small  sample  of  Neocid.  At  Orlando,  the 
active  ingredient,  DDT,  was  isolated  iind  synthesized,"  and  by  the  end  of 
1942,  the  extraordinary  [lotency  of  DDT  as  an  insecticide  was  coiiHmied.  Steps 
were  taken  iiiimediately  to  develop  a  louse  (lowder  containing  DDT  for  use 
111  the  Army. 

Following  these  laboratory  discoveries  and  forecasts  of  tlie  usefulness  of 
DDT  for  niuluria  control,  typhus  control,  ily  control,  and  control  of  bedbugs, 
roaclK‘s,  luid  fleu.s,  enonnoiis  activities  of  military,  jiolitical,  and  economic 
significance  develojieil.  DllT,  in  short  supply,  was  in  great  ilemand  both 
locally  and  iiiternatioimlly.  For  tlie  iie.xt  9  years  the  Preventive  Medicine 
Service  and  the  U.SA.  Typhus  Commission  were  at  the  center  of  these  affairs. 

Deloosing  by  fumigation. — Anyone  who  has  had  any  experience  with 
steam  uisinfestors  recalls  the  clumsiness  of  the  heavy  apparatus,  the  difficulty 
or  impossibility  of  handling  it  in  tlie  field  with  troojis  in  movement,  and  its 
shriveling  effect  upon  clothes,  shoes,  and  any  shrinkable  e«]nipineiit.  Kealizing 
that  something  better  was  needed.  Major  Stone,  soon  after  his  arrival  in  the 
Preventive  Medicine  Service  in  1941,  initiated  work  on  the  replacement  of 
steam  by  a  fumigant  to  kill  lice  and  their  eggs  without  damaging  clothing  and 
equipment,  and  which  could  bo  applied  by  light  apiMiratus.  Methyl  bromide  ^ 
was  selected.  Under  the  direction  of  Major  Stone,  research  and  developmental 
work  was  done  at  the  Agricultural  Research  Center  nt  Beltsville,  Md. 

Tliree  methods  of  application  were  developetl:  (1)  Vault  fumigation,  in 
which  quantities  of  bagged  clothing  were  exposed  to  methyl  bromide  vapor  in 
a  gastiglit  vault  or  plywood  chamber;  (2)  individual  bag  fumigation,  in  wliicli 
one  soldier's  outfit  was  exposed  in  a  gastiglit  finiiigalinii  bag:  and  (:t)  pit  fumi¬ 
gation,  in  which  from  one  to  ninny  bags  were  fumigated  in  a  pit  dug  in  the 
ground. 

During  1042,  this  fr.inigntion  method  came  into  limited  use  in  the  Army. 
In  the  field,  where  lousiness  was  readily  controlled  by  louse  powder,  fumigation 
was  little  used.  It  was  used  chiefly  in  the  North  Africnii-Mediterraiiean  The¬ 
ater  of  Ojieratious  in  194.T  and  1944  when  Colonel  Stone  was  the  preventive 
medicine  officer  of  that  theater.”  In  tlie  continental  United  States,  the  chief 
use  of  the  method  was  at  ports  of  embarkation  and  debarkation. 


”  BunhUiii],  R.  O..  3ilrAlI«lPr.  I#.  Jr..  Eddj.  Q.  W..  find  Jnnrii.  U.  ;  THVT  fnr  tbr  coBlrol 
ofHUMflii  Llc«.  J.  Eronnm.  Fnlnnol.  .17: 12<P127.  Prbnisrj  1M4. 

**  Circular  No.  745.  U.B.  Doparlmcnt  of  AfrteuUuro.  Waitalnirton.  D.C.,  .\pr1]  1946.  subjecl :  M«Ih7] 
BromMr  as  a  Drloualaf  Agoot. 

**  Circular  liCltcr  No.  46,  OBcr  of  tbr  Hiiiucob.  Hoadquarlrra.  North  African  TKratrr  of  Opera* 
tloDN,  U.S.  AriHjr,  11  Nor.  194.1,  anbjeci :  Txphuo  Kertr  Ccmtrol. 
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REORGANIZATION  OF  THE  ARMY— RELATIONS  WITH  ARMY 
SERVICE  FORCES 

During  194-2,  the  Arinj-  wus  reorganized  in  nccordiinpe  with  War  Depart¬ 
ment  Circular  No.  59,  2  AInrcli  1942.  This  created  SOS  (Ser\’iceK  of  Sujiply), 
later  nnme<l  ASF  (Army  Service  Forces),  and  placed  The  Surgeon  General 
under  the  jurisdiction  of  the  Commanding  General,  ASF,  nltlioiigh  direct 
access  to  the  Secretary  of  War  by  The  Surgeon  General  was  still  a  possibility 
in  certain  circumstances.  The  Preventive  Medicine  Service  was  thereby 
hmiight  into  close  connection  with  a  inc<liciil  se«‘tion  of  .VSF,  the  Hospitaliza¬ 
tion  and  Evacuation  Ilranch,  and  also  with  its  International  Division.  This 
connection  with  ASF  became  particularly  important  during  the  staff  work  on 
the  establishment  of  the,  U.S.A.  Typhus  Commission  and  throughout  its  exist¬ 
ence.  While  many  disadvantages  resulted  from  the  subordination  of  The 
Surgeon  General  and  the  Medical  Department  to  ASF,  the  arrangements  were 
not  too  disturbing  to  the  disense-control  programs  of  the  Preventive  Medicine 
Service.  Indeed,  in  ntany  situations,  it  was  advantageous  for  those  activities 
of  prevention  and  c.onfrol  that  involved  the  administration  of  the  Army  ns  a 
whole.  Furthermore,  through  this  relationship,  maiiy  intemationiil  .  .-iinsac- 
tioiis  essential  for  worldwide  typhus  control  were  greatly  facilitated. 

Investigation  of  the  Medical  Department— The  Committee  to  investi¬ 
gate  the  Medical  Department,  particularly  the  Office  of  The  Surgeon  General, 
was  appointed  by  the  Secretary  of  War  late,  in  August  1942,  at  the  instigation 
of  the  Commanding  General,  ASF.  It  rendered  its  final  report  and  recom¬ 
mendations  on  24  November  1942.  Discussion  of  the  report  of  this  Committee 
appears  in  a  volume  by  Blanche  Britt  Armfield  in  the  series  for  admini.s- 
trative  history.  Brief  mention  is  made  here  of  the  consequences  for  military 
preventive  medicine,  including  typhus  control.  In  general,  the  Preventive 
Medicine  Service  was  commended,  but  the  Committee  pointed  out  the  need  for 
more  knowleclge  about  the  occurrence  of  disease  in  foreign  countries  in  which 
U.S.  Army  troojis  might  bo  deployed.  As  a  result,  the  Preventive  Medicine 
Service  was  able  to  strengthen  its  Medical  Intelligence  Division,  nnd  this  be¬ 
came  increasingly  serviceable  foi-  typhus  control. 

PRODUCTION  OF  TEXTS 

A  large  part  of  the  time  of  the  staff  of  the  Preventive  Medicine  Service 
was  occupied  by  the  preparation  of  texts  of  military  publications,  a  number  of 
which  were  concerned  with  typhus.  The  Medical  Intelligence  Division  col¬ 
lected  and  disseminated  information  about  communicable  diseases  and  eco¬ 
nomic  and  social  conditions  in  foreign  countries.  Army  Regulations,  including 
requirements  and  information  for  typhus  control,  were  revised.  AR  40-210, 

**M«dlcAl  DepftrtiMBt*  Vnlted  StiitM  Araj.  Oi^nlutlon  iiii4  Adnlnlttnitlon  Id  World  War  II. 
WashloftoD  :  U.S.  Oorrmnirnt  Piintlrir  Dflko.  1M3. 
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‘•Pii'vpiition  nml  Control  of  Coinniniiirfilile  Dists-isps  of  Mmi,’*  niicl  AR  40-20.’'’, 
■‘Military  Ilypieiip  niul  Saiiilntion,”  worp  issiiod  on  l.t  Sp|>tPiiil«r  1!>4‘2  and  31 
Dpcpinber  194‘J,  rps|HH’t ivpiy.  TItp  tPXt  of  Circnliii’  I>pltpr  No.  ,13.  Officp  of 
Tlip  Siii’ppon  (ipiienil,  “Trout iiiPiit  and  Control  of  Certain  Tropical  Disensea,” 
was  {irpimred,  Init  it  waa  not  ii«jiie<l  initil  *2  Fpbrimrv  ll)4:t.  A  roiisidornble 
aiiinuiit  of  the  latest  information  ulioiit  typlois  eonltol  was  iiicliidtHl  in  these 
piihlicutioii  -i. 

BEGINNINGS  OF  CONTACT  WITH  TYPHUS  OVERSEAS,  1941-42 

The  first  coiitncts  lietween  the  Preventive  Medirinc  Service  and  epiilentic 
typhus  in  the  Held  Itp^mn  in  1041  wlien  l'..S.  Army  military  ini.ssioiis  nod  some 
theaters  of  o|>enition.s  overseas  were  established.  Activities  nluii);  these  lines 
inoreasod  preatly  in  1042. 

Atlantic  bases. — The  minor  that  epidemic’  typhus  had  Iteen  introduced 
into  Jainnicn,  B.W.I.,  in  1041  by  T'^.S.  Army  troops  was  ipiashed  by  the  work  of 
Plotz”  and  his  coworkers  who  provetl  Hint  the  di.sease  was  murine  typhus, 
piidemic  on  the  island. 

Air  transport  route  across  Africa  and  U,S.  Army  Forces  in  Central 
Africa. — In  1D41,  die  Preventive  Medicine  Su’viiv  liecaine  (Hini'emetl  with 
problems  of  typhus  in  Africa  through  informal  association  with  intHlicnl  rep¬ 
resentatives  of  Pan  American  Airways,  whh’h,  at  the  request  of  the  ThS. 
(loveniinoiit,  was  enpi^eil  in  settiiip  up  an  air  transport  route  across  central 
Africa.  The  Army  liepin  to  take  over  this  route  in  January  104*2,  and  the 
transfer  was  completed  in  December.  During  the  year,  a  tliealer  force  known 
ns  the  USAFiCA  (U.S.  Army  Forces  in  Central  Africa)  was  estiiblislietl.” 
At  first,  the  main  places  on  the  route  were  Accra,  Khartoum,  and  Cairo. 
Later,  the  route  was  extended  from  Cairo  to  Karachi,  India,  via  Aden.  Tlie 
mere  niention  of  these  places  indicates  a  mute  spotted  with  typhus. 

U.S.  Military  North  African  Mission  and  Middle  Ea.st  theater.*'— To 
aid  the  British  in  the  maiiagenient  of  the  lend-lease  program,  the  U.8.  Military 
North  African  Mission  was  maintained  from  22  November  1941  until  19  June 
1942,  On  the  latter  date,  it  was  alwlished,  and  in  its  stead,  US.\F1MK  (iT.8. 
Army  Forces  in  the  Middle  East),  with  Headquarters  at  Cairo,  Egypt,  was 
established.  A  large  part  of  the  vast  territory  which  the  Middle  East  theater 
eiicompnssiHl  (p.  20.'))  was  the  iHimelniid  of  typhus.  Fortunately,  the  chief 
ii'cilical  officer  of  the  original  Mission  who  liecanie  Chief  Surgeon  of  the 
Middle  East  theater  was  Maj.  (Inter  lirig.  Gen.)  Crawford  F.  Sams,  MC, 
whose  support  and  enforcement  of  mcuwiires  for  typhus  control  during  World 
Wur  II  were  nulahle. 

Epidemic  typhus  was  prevalent  tliroiiglioiit  the  Middle  East,  and  many 
thousands  of  native  laborers  who  were  louse  infested  were  employed  in  the 


ftMtfnoCe  \4.  p.  188. 

**Ann>  tl  RnK>rt,  iiurccoQ,  lletdqMrtfra.  U.8.  Armj  Knim  In  Central  Africa.  1942. 
**Anni...l  Report.  8u^eon.  Headqaartera,  U.8.  Araajr  Forces  la  Ibe  Middle  Kast.  1942. 
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midst  of  Ainericnii  (ivx)[>s  on  iiuiiierous  ij|>es  of  projects.  During  1942,  niiioiig 
the  Egyptians,  about  24,00(1  cases  of  epidemic  typhus  with  some  3,000  deaths 
were  reported — the  largest  epidemic  of  typhus  that  had  occurred  in  Egypt  in 
more  than  10  years  (table  34).  During  this  time,  only  one  mild  case  of  typhus 
fever  occurred  among  U.S.  Army  troops  in  the  theater.  These  troops  had 
been  vaccinated  against  typhus,  were  supplied  with  louse  powder  (py rethrum 
and  rotenone),  and  were  provided  with  facilities  for  bathing  and  steam 
disinfestation. 

In  Iran,  epidemic  typhus  smoldered  throughout  the  land  and  occasionally 
flared  up  from  December  through  April.  U.S.  Army  troops  were  exposed 
to  infection  cliiefly  at  Ahtidan  and  at  Teheran.  Table  34  reveals  that  1,102 
cases  were  reported  among  tlie  Iranians  in  1942,  and  more  than  12,000  in  1043. 
There  were  fewer  than  eight  mild  cases  among  American  units  in  Iran. 


Table  34, — Epidemic  tgphus  in  French  Xorth  AfricOt  Egypt,  and  /ra»»  i930-44 


Yw 

Number  of  rrporUd  cases 

rrroeh  North 
Africa 

Iran 

1030--  -  . 

529 

288 

1931 . . .  . 

930 

265 

1, 167 

1032 . 

965 

2,  298 

1,  544 

1933 .  .  .. 

1,  671 

7,  865 

327 

1934 . . . 

1,456 

7,536 

1,212 

193.^ . 

1,977 

3,  151 

619 

1936...- .  - . 

2,  182 

2,  757 

1937 _  _  - 

8,921 

2,083 

116 

1938 _ _  _ 

11,377 

2,867 

16 

1939 . .  .  . . 

»,.^53 

4,239 

89 

1940 _ _ _ _ _ _ 

3.  547 

4,  135 

256 

1941 _  _ _ 

21.  726 

9,324 

115 

1942 . . . . . 

77,  335 

23,941 

1,102 

1943 . . .  .  . 

27,  340 

40,084 

12,885 

1944 . - . 

6,226 

18,533 

6,436 

Bourn:  (1)  Qi«nolll»»u«  U.:  L’fCpMCraie  c!«  typhui  oq  AlgCrio  (IMI-IBO'IPU).  Arcli.  Inst.  Pistsor  d'AlfMs  S 
}S3-379,  DMsmbsr  IBM,  (2)  Stoirinnn.  K.:T>'pbui  During  Uis  Wti.  EpMsmM.  totonn.  Bull.  1  (7);  >21  *30  April  IMS 
<S)  800  footnoM  33. 


A  special  feature  of  the  situation  in  Iran  in  1942  was  the  outbreak  of 
epidemic  typhus  among  Polish  refugees.  According  to  Brigadier  A.  Sachs,” 
R.A3I.C.,  who  was  Assistant  Director  of  Pathology,  British  Persia-Iraq 
Force: 

In  tbe  eprlna  ot  1M2,  lOiDe  28,000  PoUsh  refnieea  and  soldiera  evacuated  from  BumIs 
arrived  in  Iran  via  Pablevl,  a  port  on  the  Caspian  coaat.  Typhus  wai  stated  to  have  been 


"Sachs,  A.:  T^i^us  IWvtr  la  Zraa  aad  Iraq,  A  Report  on  2,809  Cases.  J.  Eoj. 

Arm^  M.  Corps  6«:  1-11.  87-198,  IBM. 
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rlf?  In  tilt*  concentration  <‘nmp  from  \rhl<-li  tliey  came.  Malnutrition  was  markesl.  The 
h;>lctest  inc.if  ,;rcs  were  ■  "cb  to  prevent  the  apreail  of  the  tllsease.  All  refugees  were 
diMinfesteJ  on  arri''ai  n:  the  port  and  again  at  Teheran  where  they  were  segregated  from 
the  local  popuia  e.  Cases  of  typhus  occurred  shortly  after  disembarkation.  It  is  im- 
probabie  that  nny  cases  contracted  tbc  disease  after  leaving  the  port  of  arrival.  In  view 
of  the  strict  measures  adopted,  and  the  early  cessation  of  new  cases.  It  Is  unlikely  that 
this  Iinpor.ed  typhus  had  any  bearing  on  the  outbreak  that  occurr.d  among  the  civil 
population  of  I.an  during  the  ensuing  winter. 

rhina-i]uriiia*India  theater,  1942-45. — As  operntions  for  the  control  ot 
epidemic  typhus  in  this  theater  did  not  Itecome  eaten.sive,  the  wliole  ex])erience 
frt  in  1.012  tn  lOirt  will  be  siinunnrizetl  here,  although  this  will  put  th.e  iiccoiiiit 
nlieud  cf  its  plan. 

^Vitli  the  inception  of  the  ('hinii-liiirniti-Iiidiii  theiiter  in  Fehniiiry- 
Miirci  1942,  U.S.  Army  trooi®  became  exposed  to  epidemic  typhus  in  (lliina. 
The  consolidated  theater  existecl  from  4  March  1042  to  24  October  1044.  On 
24  October  1044,  it  was  divided  into  the  Chinn  theater,  with  headquarters  at 
Cliiingking,  and  the  Indin-Biirmn  theater  with  headquarters  at  New  Delhi. 
The  6.'l  cases  of  epidemic  typhus  shown  in  table  30  to  have  occurred  in  “Cliina- 
Riirn;a-Indin”'  were  ciises  among  ILS.  Army  troops  in  China.  There  were  no 
cases  of  epidemic  typhus  among  such  troops  in  the  Indin-Biirma  theater,  nor 
were  tlierepiiy  re))orfsof  lousiness  among  these  troops.®’ 

The  China  theater. — In  addition  to  the  statistics  just  presented,  there 
were  several  aspects  of  typhus  in  China  which  were  of  special  interest. 

As  epidemic  typhus  was  an  ancient  perennial  among  the  recurrent  di.senses 
of  China,  it  presented  some  relatively  urgent  problems  to  the  civilian  and  mili¬ 
tary  authorities  of  the  Chinese  Nationalist.  Government,  to  Lt.  Gen.  (later 
Gen.}  .Joseph  W.  Stilwell,  commanding  combined  Cliinese  and  American 
Forces,  aiui  to  Col.  Koliert  I*.  Williams,  MC. surgeon  of  tlie  China-Biimm-Indin 
theater.  Seeking  assistance,  the  Chinese  Government,  on  23  April  1043,  in¬ 
vited  members  of  the  TT.S.A.  Typhus  Commission  to  visit  China.  This  invita¬ 
tion  was  duly  accepted  and  the  visit  was  approved  by  tlie  War  Department 
and  tlie  State  Department.  General  Fox,  Field  Director  of  the  U.S.A.  Typhus 
Commission,  and  Lt.  Col.  A.  G.  Gilliam,  MC,  Senior  Surgeon,  U.S.  Public 
Health  Service,  attaclied  to  the  Commission,  visited  Cliiingking  and  other 
places  in  China  between  5  September  and  21  October  1043.  As  a  result  of  this 
visit,  about  1,400,000  doses  of  typhus  vaccine  were  sent  to  China  through  a 
leiid-Iease  transfer.  Of  this  amount,  000,000  ml.  were  to  be  made  available  to 
the  Chinese  Army  Surgeon  General  and  500,000  ml.  for  the  use  of  Chinese  civil 
agencies  for  immunization  of  medical  and  essential  personnel.  Arrangements 
of  this  type  were  renewed  from  time  to  time  during  the  war. 

Colonel  Gilliam,  who  remained  in  China  until  early  1944  (when  he  con¬ 
tracted  scrub  typhus  in  Burma),  made  surveys  of  the  typhus  situation  in 
Chungking  and  in  the  cities  of  Kweiyang,  C^'eng-tu,  Sian,  and  Lanchow. 
Chinese  investigators  furnished  a  great  deal  of  information  about  t3rphiis  in 


*  Van  AakM,  Howard  A. :  A  Hlatorr  of  E*reTrtit]?o  Ifrdldor  la  the  IT.8.  Army  Foreaa  of  the 
Indiii-Burma  Theater,  1942-45,  8  Dee.  1*45.  lOfleia]  reeord. | 


the  country.  Dr.  liiii  Wei-Tiing  was  broiiglit  to  the  United  States  via  the 
U.S.A.  Typhus  Coiiiinissioi;  laboratory  iit  Cnini,  Epypt,  for  training  in  typhus 
research  at  tlie  lalxiratories  or  the  International  Health  Division  of  the  Rocke¬ 
feller  Foii'idatiou,  at  the  Rockefeller  Institute,  and  at  the  National  Institute 
of  Health.  Laboratory  equipment  and  snpidies  were  sent  to  Cl-inii. 

The  area  was  not  ii  sulliciently  active  theater  of  o[>emtiuns  to  warrant 
setting  nj)  a  Field  Headquarters  of  the  U.S.A.  Typhus  Comniission  at  Chung¬ 
king,  or  elsewliere  i.i  China.  In  .Se])teinl»er  1945,  Col.  Thomas  T.  Maekie,  MC, 
wlio  was  then  E-veentive  Officer  of  the  I  .S.A.  Typhus  Connnission  Field  Head¬ 
quarters  at  Myitkyina,  Ihirina  (a  station  engaged  primarily  in  the  study  of 
scrub  lyplna),  exploivd  with  Dv.  P.  Z.  King,  Director  General,  National  Health 
Administititiun,  Chinn,  the  iiossibility  of  milking  a  eoupenitive  nninigeiiient 
between  the  Commission,  (he  Administr-afion,  and  the  United  Nations  Relief 
and  Rchubiiitiition  Admin isimt ion  for  a  prognim  of  typhus  control  in  Chinn. 
iVs  the  problems  were  es-sentially  civilian,  and  us  the  war  had  ended,  this  pit)- 
posal  was  not  adopted,  uti<i  contact  cude<l  at  about  this  time. 

India*Bamia  theater. — During  the  period  1949-45,  there  were  several 
outlirenks  of  epideinic.  ty|iliiis  nmon'T  the  civil  impiihition  in  linlin  and  some 
among  Chinese  troops  who  had  entered  the  theater  in  the  summer  of  1914 
o.'  who  had  been  flown  “over  the  hump”  into  Assam.  The  chief  outbreaks 
among  civilians  were  at  Srinagar  in  Kashmir  in  October  194.3  and  at  Darjeel¬ 
ing  in  October  1944.  Through  tlie  U.S.A.  Typhus  Comnii.ssion  and  the  Com¬ 
manding  General  of  the  Indiu-Durma  theater,  supplies  of  typhus  vaccine  and 
MYIj  louse  powder  were  made  available  to  civilian  groups  and  British  troops 
in  the  infected  areas. 

Sooth  Pacific  Area,  1942-45. — Between  March  and  December  1942,  task 
forces  were  landed  and  stationed  upon  many  Pacific  islands  cast  of  the  perim¬ 
eter  of  Japanese  occupations.  Chief  among  these  were  the  Fiji  Islands,  New 
Caledonia,  and  New  Zealand  The  task  forcesi,  reinforced,  became  USAFISPA 
(U.S.  Army  Forces  in  the  South  Pacific  Area).  No  epidemic  typhus  was  re¬ 
ported  from  any  of  the.se  islands  during  the  war.”  The  occurrence  of  murine 
typhus  on  some  of  them  is  discussed  in  part  II. 

Soothwest  Pacific  Area. — U.S.  Army  Forces  in  Australia  were  consti¬ 
tuted  by  21  Deccmlier  1941,  and  from  this  organization  developed  SWPA 
(Southwest  Pacific  Area)  under  Gen.  Douglas  MacArthur.  SWPA  included 
a  vast  region  of  ocean  and  islands  from  Australia  and  New  Guinea  to  the  Philip¬ 
pines.  In  this  area,  mitebome  scrub  typhus  became  second  only  lo  malaria  as 
a  severe  affliction  of  troops,  as  described  by  Philip  (ch.  XI).  There  were  a 
lew  cases  of  murine  typhus.  No  case  of  epidemic  typhus  among  U.S.  Army 
personnel  was  reported  from  SWPA  during  the  war. 

Encounters  with  epidemic  typhus  in  the  Pacific  area  were  entirely  differ¬ 
ent  when  U.S.  Army  Forces  entered  Japan  in  August  1945.  An  account  of 
the  large  epidemic  tb"t  occurred  in  the  first  year  of  the  occupation,  1945-46, 
will  be  presented  later. 

>•  Annual  Repurt.  Suriran.  South  PacMc  Aren.  19*2, 
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European  Theater  of  Operations,  U.S.  Army,  1942. — F I'oin  the  vust  rec¬ 
ords  of  KTOUSA  (Knro|>enn  Theater  of  Oj>erations,  I'.S.  .Vriiiy),  a  few  will 
1)6  utilized  here  to  piTseiit  some  events  of  1942  which  were  particularly  im¬ 
portant  for  future  programs  of  typhus  control  in  North  Africa  and  on  the 
Continent. 

The  American  Red  Cross-Harvard  Hospital  Unit  had  come  to  England  in 
July  1940,  at  the  invitation  of  the  Hritish  Ministry  of  Health,  to  work  through¬ 
out  the  British  Isles  in  preventive meiliciiie  and  epidemiology.  The  director  of 
the  unit  was  Dr.  John  E.  Goitlon,  I*roffssorof  Preventive,  Medicine  and  Epide¬ 
miology,  Harvard  University.  In  May  1942,  this  unit  was  activated  hy  ('ol. 
(later  Maj.  Gen.)  Paul  R.  Hawley.  MC,  Chief  Surgeon,  ETOUSA,  as  n  meclical 
general  hil)oratory.  Lt.  f’ol.  (later  Col.)  J«)hn  E.  Gordon,  MC,'’®  hecnine 
Chief  of  the  newly  est!ihlishe<l  Preventive  Me<licine  Division,  Office  of  the  Chief 
Surgeon,  ETOUSA,  on  7  Jiilj'  1942.  Much  is  owe«l  to  Cohmel  Gordon’s  forc- 
.sight  and  to  his  wise  and  vigorous  direction  of  a  large  portion  of  the  typhus 
control  program  in  (he  European  theater. 

In  July  1942,  the  Epidemiology  Branch  of  this  Division  of  Preventive 
Medicine  l)ecame  directly  concerned  with  the  ]>lnnning  for  the  invasion  of 
North  Africa,  Operation  TORCH.  On  15  September  1942,  its  Chief,  Mnj. 
(later  Col.)  ,1.  W.  R.  Norton,  MC,  was  transferiTd  to  the  staff  of  .VFHQ  (Al- 
lie<l  Force  Headquarters)  for  duty  in  preventive  medicine  in  the  coming  North 
African  campaign.  This  work  occupied  a  great  deal  of  the  time  of  the  staff 
of  the  Preventive  ^ledicine  Division.  ETOUS.\.  However,  ns  AFHQ  took 
over  a!)  p’ar.r.in^  and  iiinch  medical  authority,  official  contiict  was  interrupted 
Itetwcen  tiio  two  niuin  ezjtetlitionary  medical  liemlqunrtcrs  in  I»ndon.  Colonel 
Gort’on  practically  ends,  his  account  of  these  matters  with  the  September  entry, 
os  they  had  pjissed  out  of  the  ken  of  the  European  theater. 

During  the  late  summer  and  early  fall  of  1942  while  Anglo-American  plan¬ 
ning  for  Operation  TORCH  was  going  on  at  AFHt^  in  I,,ondon,  Col.  (later 
Maj.  Gen.)  Albert  W.  Kenner,  MC,  who  had  been  selected  by  Gen.  George  S. 
Patton,  Jr.,  to  l)e  Chief  Surgeon  of  tlie  Western  Task  Force  destined  to  land 
<Mi  the  Atlantic  coast  of  French  Morocco,  was  at  work  in  Washington  on  medical 
planning  anci  its  correlation  with  the  planning  of  the  General  Staff  and  Spe¬ 
cial  Staff.®®  Colonel  Kenner  worked  in  close  association  with  Col.  William 
L.  W ilson,  MC,  Chief,  Hospitalization  and  Evacuation  Branch,  Plans  Division, 
Services  of  Supply.  He  had  relatively  little  connection  with  the  Office  of  The 
Surgeon  General.  The  -writer  recalls  one  or  two  secret  planning  meetings 
held  in  the  Preventive  Medicine  Service,  but  believes  that  the  exchanges  of 
infomiatior  were  few  and  inadequate. 

I’ncertainties  and  lack  of  medical  intelligence  regarding  typhus  fever  in 
North  Africa  and  the  Middle  East  influenced  Colonel  Simmons  to  take  actions 

>*Gordon.  John  R. :  A  niitorj'  of  rrereBtlre  Mvdtdn*  Id  the  EuropetD  Theater  of  Oiieratlooa, 
U.8.  Annr.  1941-13.  yoI.  I.  pt.  1.  pp.  1-11.  lOAclal  record.l 

**(1>  Kenner.  A.  W. :  Medical  Screlce  In  (be  Korth  Afrlean  Ctnpaljni*  Bull.  U.8.  Armj  U.  Dept. 
No.  76.  Mar  1944 ;  and  No.  77.  June  1944.  lateniewi.  G.  H.  Wlleon.  aod  W.  K.  Daum.  with 
Maj.  Oen.  Albert  W.  Kenner.  10  and  11  Jao.  1032.  mpeetlTelx* 
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in  July  and  August  19-12  that  i-esulted  in  tlie  establisliineiit  of  tiie  U.S.A. 
Typhus  (.'oiiiiiiissioii  (]>.  2(1(1). 

Judging  by  later  disclosures,  the  informntion  about  typhus  in  North 
J  frica  iivnilable  to  the  pl.iiiiiers  lit  AFIIQ  was  inaccumie  and  incomplete.  It 
led  lo  the  thoiiglit  that  (her.'  was  not  niiirh  typhus  ill  Morocco  and  Algeria, 
while  in  fact  one  of  the  birge.st  epidemics  in  recent  times  was  in  progress.  More 
than  (>0,000  cases  had  been  reiiorted  for  the  first  10  nioiiths  of  1942,  and  probably 
five  (ii'ies  as  iiiany  more  were  unreported.  Commenting  cn  this,  Ixnig  ■"  wrote 
later ; 

In  Iilstorlciil  retrosiiccf,  tfic  lul rodnet Imi  in  Into  Norih  Africa  of  an  American 

Force  wliirh  soon  niiintH-rcd  Inmdrctlx  of  thousands  of  men,  at  a  time  when  the  most 
so'erc  e|ii<lenilc  of  l.r|>lin>  fever  the  world  imil  known  In  the  last  2r>  years  was  rafrina. 
offers  food  for  thought,  because  llte  s|N>claenlnr  use  of  T>I>T  ns  a  dusting  |m>\viKt  tins  over- 
shadowtxl  the  ini|Hirlaiice  of  the  use  of  tyuhiis  riKsIne  in  the  |ir(>vei!<lon  of  typhus  fever. 
A  review  of  the  facts  shows  that  In  a  force  of  several  hundred  thousand  Amerirnii  f  roo|is, 
which  was  Inlroduee^l  Into  North  Africa  awl  protected  ugalnst  typhus  l:y  Taeelnatlon.  only 
nine  rases  of  l,v|>bns  were  rp|Hirled  lo  11)43.  and  of  these  nine  (all  of  which  were  mild) 
the  diapiosis  la  at  (east  *("<'  in.stanceK  was  in  doubt.  This  Is  to  be  eomiiavetl  will)  the 
exi)er;enco  of  tlie  Kiiiiiller  British  North  African  Force  which  was  unprotected  and  In 
which  mere  than  29  eases  of  typhus,  with  at  least  12  deaths,  otTiirrisl  during  the  same 
period  of  time. 

The  iiotails  of  this  oiitlirenk  were  published  later  by  Clialke.” 

This  author  would  add  the  fiirtherslntement  that  these  U.S.  Army  trooiis 
were  free  fitun  infestation  with  lice  and  were  kept  deloused  by  applications  of 
lousicidiil  imwders,  by  bathing,  anti  by  ciccasioual  steam  disinfestation  of 
clothing  and  equipment. 

To  emphasize  the  extent  of  the  risk  from  typhus  which  siirroundetl  the 
invading  forces  in  the  North  African  campaign  from  the  landings  on  8  Novem¬ 
ber  1942  to  the  end  of  the  fighting  in  Tunisia  on  9  May  1943,  the  statistics 
of  reported  cases  i,t  natives  and  Kiiropenns  in  French  North  Africa  are  pre¬ 
sented  in  table  34.  For  convenience,  similar  figures  for  Egypt  and  Iran  are 
included  in  this  table. 

Looking  at  the  situation  is  a  whole,  one  sees  that  in  the  year  of  the  North 
African  inv'a.si<>n  the  Allied  I’orces  were  in  the  midst  of  about  78,iX)0  reportetl 
cases  of  epidemic  typhus,  and  perliap.s  500,000  addit  ional  unreported  cases.  Yet 
there  were  few  infections  among  U.S.  Army  troops.  There  was  no  panic  over 
the  exposure  and  risks.  Instead,  there  was  confidence  in  the  prescribed  pro¬ 
tective  measures,  and  these  were  calmly  applied.  Later  in  1943,  after 
NATOUSA  (North  African  Theater  of  Operations,  U.S.  Army)  had  been 
establi.slied.  Colonel  Stone,  Chief  I’reventive  Medicine  Officer  of  the  theater, 


**  Report.  Col.  Perrlo  H.  Look,  MC,  to  Chief.  Pre^entlTe  Medleloe  DIvlilofi.  Ofliee  of  The  Surceoo 
General,  anbject :  A  Hlatoricol  Surrey  of  the  Aetlrltles  of  the  Beetloo  of  Prerentlve  Medicine.  CHBce 
of  the  Surgeon*  Mediterranean  Theater  of  Operation!.  V.8.  Army.  3  Jnn.  1943  to  13  Aug.  1943. 
10  Oct.  1940. 

*Clialke.  H.  D  :  Typhua:  lixperlenres  In  the  Central  Mediterranean  Force.  Part  I.  Brit.  Med. 
J.  1 :  077-980.  29  June  1940.  (Actually  among  theae  Brltlah  troopa  there  were  39  caaeti  and  11 
death*  from  epidemic  typhus— a  case  fotallly  ratio  of  31  |ierceot.) 
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iiikI  Ur.  Kivti  L.  .Si|ht  of  tii<‘  lv<K‘k<‘f<‘ll<‘i‘  K<iiiiiil:ilioii  lloultli  (‘ouiinissiim 
ili«*  |iiwnlruo<>  of  tvplius  fcxT  .•I.'*  :iii  o|>|M>rt unity  ftn-  timt  n>- 

.sult<sl  in  ii  rcvolnt ioiniry  ini|trov<‘nu>nt  of  typliiH  ronti'ol — iliv  nu'cliiini<‘:i] 
(Instill)!  (vitli  UU'L'  l<iii'ii<‘i<l:il  |K>w<|«>r  of  iinlividtiitls  fully  i-lotlioil. 

THE  UNITED  ST.\TES  OF  AMERICA  TYPHUS  COMMISSION 

A  M'lNirnto  ImmiIc  (vil!  Ik>  r<■<|nil‘*‘<l  to  <l«‘iil  iKlisinnli'ly  witli  tlic  viilniiiiiioiis 
iTcords  of  tin*  I'nitol  Stairs  of  .Vnirrica  Typhus  (‘oininissioii.  Kortnniitcly, 
tin*  pa|ii‘rs  iv|Hii-tin)!  tin*  M-irntilir  rvork  of  nl•‘nllM>ls  of  llir  ('oiiiniissioii  iiinl 
of  ollit  rrs  iiIIik'IksI  to  it  liavr  Im***!!  p'lhlisin-d  in  nn‘dii-iil  mid  scirnlilir  joiii'inils'* 
iiiid  II  lii'irf  history  of  tin*  start  of  tin*  ('oiinnissioii  was  piililislu'd  in  lO-l-'t.** 
At  this  |Miiiit.  a  short  mroiint  will  1h*  jiivoii  of  tin*  <*sliih]islinn*iit,  |>ow«*rs,  iind 
rrrttiiii  artivitirs  of  tin*  ( 'onimi.ssioii,  without  attrniplin)!  to  pi'«*s4*ni  ii  full  and 
coni iiinoiis  history.  In  siilist*<|ii<*nt  s»*<*iioii.s.  its  iiciivilirs  will  U*  nicniioiicd  in 
<*onin*.'tioii  with  cidsiHlcs  of  tvplins  in  viirions  aii’as  and  tln*ati*iv  lo  show  iis 
jMirt  i'l  the  jp'inrid  pro)!nini  of  lypliiis  coni  ltd  l»y  the  .Vriny. 

Ill  July  1!»42.  C’ol.  (inter  Itrijr.  Oen.)  .luiiws  S.  Siiinnoiis.  MC.  Diiavioi*. 
Preventive  Medicine  Service.  l•^•Jlli3!ed  llnil  there  wns  a  disqnietiii)!  insufficiency 
of  iiifoniialion  iiIhiiii  (lie  <K*<*nrreiicenf  ei>iileniu*  typhus  in  Xorili  .\fricii,  Ktopt, 
the  Middle  Kasi,  nnd  piirts  of  Kiiro{H*,  inclndiii)!  Iierinany.  Poland,  tin*  Bal- 
knns,  ]tiininiii!i.  and  So. iel  Un.ssiii.  After  ii  niinilN>r  of  confereinas  with  ineni- 
liers  of  his  sintf  ainl  others,  on  ■'i  Aiijrnst  I'.)42,  Colonel  Sininioiis  snlnnilled  lo 
The  Snrjieoii  (ieiieinl  a  iiro|K>seil  letter  for  transinission  to  ilie  ('Idef  of  StnlT 
tlin>n)!h  the  Coinni'iinlin)!  (Jenenil.  SeiTic«*s  of  Stipply,  snnniinrir.iii)!  the  stale 
of  nlTiiirs  and  n*coinnieirdiiip  the  fortniilioii  of  a  )!n>np  to  In*  sent  ahnnid  to 
collect  inforiontioii  on  the  liiisis  of  wliicli  an  improved  ty]ihns  control  ])ni)!rani 
could  lie  hnill. 

Allhon)!li  this  wns  approved,  iniicli  diflicnil  slalT  work  had  lo  la*  done  lie- 
fore  final  npprnvnl  hy  llie  .Seeretiiry  of  War  wns  ohlniin*d  for  the  creation  of 
a  unit  to  iie  known  ns  the  I'niled  .Sinles  of  .\iiiericii  Typhus  Coiiiinissioii.  Iin- 
])orlnnt  in  this  iichieveiiien:  were  Col.  Willinin  ■<.  Wilson,  MC.  ('Iiief,  ]los]ii- 
tali/nlion  nud  Kvacnniion  llriiiicli.  Plans  Division.  .Services  of  Supply:  ('ol. 
(Inter  Drip.  Cien.)  Ifolieri  C.  Mcl>otmld,  Mf'.  of  tlie  same  oflire;  and  I.«t.  Uen. 
f/eKoy  Lutes.  (wSf”,  Assistant  Chief  of  StnlT  for  Opemtions.  Services  of  Sni>- 
])ly.  I.a<ter,  (Jenenil  Lutes  liecnnie  a  menilier  of  iIm*  liear  Kclielon  of  the  Com¬ 
mission  and  ('liair.-iinn  of  the  OomniissioiTs  Executive  Cnmmitlee. 

Hy  27  Aiijrust.  l5>4‘i,  a  further  slaleinent  by  The  Snrpran  General  expressed 
the  enlarfred  conception  that  had  been  agreed  'Jpon  at  n  conference  in  (lie  Pre¬ 
ventive  Medicine  .Service  on  22  .Viigiist.  Pnr]>oHes,  duties,  powers,  geogra]>hio 
areas  of  interi-st.  nnd  composition  of  tlie  pro|)Oflpd  unit  were  greatly  enlarged. 

”.»»  liBlIrd  s<«(m  .f  AniBjin  Trphai  CbmIwIob.  Cotlrrted  Xeprliti.  Not  l-TO, 
Wi.khliiKlan ;  W»t  IV|.art»iit.  <2|  A  S.TBipoMsm  un  Iks  KtckrttSal  Dtontn  oTlIaa.  la  KlckrttiUI 
of  jliB.  WiahlBBtoB  ;  ABwrlnin  AtwwtatloB  tor  tlw  AeriBW—nt  of  BHobbc.  IMS. 

*•  naxno  Ju'jn.  3. ;  TB»  UBlIod  of  AaoHca  Tyrh«>  Comlnlna.  Amy  U.  BbII.  (IS:  4-IS. 
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iii'iilM’r  (‘<iloii«>l  SiiiiiiMui»i  nor  i)r.  Ily«‘r  ooiilil  lie  released  to  serve  as 
1>irei-tiir  Ilf  iIh*  imiiMiHeil  (‘iHiiiiiiissioii,  ('ii|((.  (Inter  Iteur  Alim.)  Charles  8. 
Ste|ilieiiMiii.  MC.  I'.SN.  was  iioniiiiiiled  fur  the  |Mist.  He  was  apiioititeil  Direc¬ 
tor.  *1  liervnfter.  lie  laN-aiiie  the  main  s|Mikesiiiuii  uiitl  iie^^liatur.  Finally,  nfter 
all  a|>|irf<vals  of  llie  Stale  I >e|Miiinieift  tiiid  Feilernl  Security  Adniiiiist ration 
liad  Ikvii  received,  llie  Secretary  uf  War  apiimved  the  ereiiliim  of  the  United 
Stales  of  .\inerica  Ty|ili<is  ( 'oniniis.sion.  Capliim  Stephenson  was  ap|)ottited 
Diieiiiir,  and  other  nienilieni  were  ap|K>inted. 

f>n  Kt  llecenilier  ltM2,  the  Secretary  of  War  approved  a  Itear  Echelon 
ifNiiiMireil  of  the  .\s.sistaiit  i.'hief  of  Slatf  for  Operations,  ASF,  the  Chiefs  of 
llie  Preventive  3ilr«li<'ine  Servii-es  of  tlie  Anny  and  Navy,  and  the  Director  of 
llie  \aiiiHial  Insiitnie  uf  Health.  Plans  for  future  investigations  by  the  Com- 
niiseioii  were  disciisseil  at  a  meeting  of  tlie  Division  uf  Medical  Sciences  of  the 
Na'iiMial  Kesean-h  Coiiiicil  on  27  November  liH2,  and  were  recorded  in  the 
niiniitesof  that  meeting. 

After  itnibaigeil  discussions  and  consultations  with  govemnientnl  agen- 
c'k*s  (‘iriiienieil  in  this  lield,  agreement  was  reacheil  tliat  the  U.S.A.  Typhus 
('onimission  slionld  have  high  status,  broad  powers,  and  support  by  the  War 
Drpartiiienl,  .N.nvy  De|wnmeiit,  State  Department,  U.S.  Public  Health  Service, 
and  all  e.xeiMilive  liejiartiiienK  independent  e.dablishiiients,  and  other  Federal 
agencies.  To  etfectiiate  this,  Preshlent  lloosevelt  issued  Executive  Order  No. 
teitCi,  iHi  21  Itecemlwr  IIM2.  ^tlstablisliiiigtlie  United  Stales  of  America  Typlius 
CiMoiiiissHHi.*'  This  ortler,  which  has  lieen  published  in  several  places,*'  was 
as  follows; 

Executive  Order  No.  928S 

Eilablialiiiig  ibe  L'nited  Stales  of  America  Typhus  CommiMion 

il^  linue  >4  Ibe  auib<fri<7  veiMed  in  me  nc  I’renideat  of  the  Vailed  Stales  and  as 
r<Hnmasder  la  I'blef  i4  ibe  .\mr  ami  Navy  of  the  l'nited  Blalen,  and  for  Ibe  purposes  of 
limif^-tlss  Ibe  memlnTa  »r  ihe  .\rmeil  Foirra  fmm  tjpbss  fever  sod  prevenlliic  Its  Introdnc- 
ims  lnl<>  Ibe  I'alleii  Mslm,  li  in  bereby  nrdered  sn  foiloirs; 

I.  Tbere  in  berebr  entabllHbeil  in  the  War  llepartwesl.  an  .er  the  ncperTtalon  and 
ilirra-lb.n  t4  the  tbvietarx  iif  War.  n  ivimniiiwina  lu  he  known  as  tbe  l'nited  States  of 
Aamrtm  Trpbun  t'omailHnbHi,  bereiaafter  referred  l«  an  the  Coaroinsion.  Tbe  Coiamis- 
ntflu  nSall  nerve  wltb  Uie  Armx  <4  tbe  Uslled  Btaten,  sad  nhall  mnnlnt  nf  a  Director,  ap- 
polaled  bx  Ibe  Werretan  of  War.  aueh  odkefs  of  Ibe  Anajr  Hedlcal  Corps  as  mar  Iw 
tietalled  an  avembem  iberenf  br  tbe  Herretarr  of  War,  mrh  odkert  of  Ibe  Navy  Hsdicai 
Corps  aad  itie  fuMic  IlMllb  aetTke  an  amp  ha  detailed  as  amaibera  tberaaf,  upon  request 
of  lb*  lleeretary  of  War,  br  tbe  geereUry  of  tb*  Navy  or  tbe  Federal  Security  Adminietrator, 
aad  mob  other  penrnaa  as  aiay  be  appiitated  an  meamera  thereof  by  tbe  Herretsry  of  War. 

Z  n*  Mfoetor  of  Ihe  Cwmlrntna  is  aathorlsad  aad  directed  to  formnlale  aad  effee- 
taat*  a  prafram  for  the  stadf  af  typhus  Hrrvr  aad  the  eouirol  thereof,  both  wltbin  aad 
wlthont  the  I'aiird  mates,  whea  It  is,  or  amy  hecosie,  a  threat  to  the  mlUUry  populatton. 
Tbe  operrUean  of  Ihe  roaimlestoa  abroad  ahaii  be  carried  oat  la  cotlaboratloo  with  the 
Dspartamat  of  Stale. 


e(li  Prdml  Bfsivier  1:  laaaa.  1041  IKa.  lU.  Deevaber  IMl),  Rirentive  Order  Me.  KM, 
'’KntahUnfeine  Ihn  t'kIM  atnlen  at  Amvrtm  Tyrbnn  CnevalinlM.’’  |S)  War  DemirtaMBt  Bnlletla 
Mn.  .1.  Srr.  II.  la  rvh.  1S4.V.  (.Vi  Army  tl.  HsII.  OS;  41.  Jety  1043. 
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:t.  Tlii‘  tiInM'iiir  Ilf  till*  <‘iiiiiiiitHHloii  Ih  iiiilliiirlstiil  In  l•llltll■■.v  iiiii‘Ksur.v  tii'liiiiriil  mill 
iinli|inifi'NMliiiiiil  iM'rMiiiiirl.  iiiiil  In  iiuiki*  Nlliii  l•^ta•llllitnn•■<.  ivlllilli  Itii*  liiiilU  iif  filiiils 
iiiuili>  iivtilliililr  III  Hu-  4'iiiiiiiiis.i|<iu  tiy  l!ii>  Wiir  Ht-iairliiiniil.  Niiv,v  tll■|•llrlllll'lll,  riilli‘il 
Sluli-n  I'lililii-  lll■llitll  Srrvtri-,  nr  nttii'r  I iiiM-rmiH-liliii  iiki'iii'Ii'h.  UK  iiiiiy  In'  ilia-iiiial  iiiifKiuir}' 
li.v  liliii  III  lll■l■ll||||l||Ntl  i|ii>  |Mir|HiMiK  of  llila  iirilor.  \li‘iiita>ri<  nf  llii>  Ariiii-il  Kiiiitn  iiiiiy  In* 
ili'tiilliil  for  iliily  ivllli  till'  I'liiiiiiitMMiini. 

■I.  Tho  Ulni'liir  niiiin  tilki'  mIi^ih  Io  ma'liri'  lliii  iiHifMTiilliiii.  iimilKtiiiii'i',  iiiiil  lUTvIrrs  of 
nllii'r  (iiivi'riiiiioiitiil  iiin‘iii'li>H ;  iiiuko  iirriiiiin'im'iilK  fur  llii*  vIsIIIiik  tiy  iiii‘iiitH‘rN  of  ttii* 

I 'iiiiiiiiIhnIoii  Ilf  Mill'll  iiriMiN  Ilf  111‘iiirill  nr  Atllisl  Niilloiis  iiH  Hilly  tm  iiiiM'MMiiry  In  fiirllH'r 
llin  Mtiiily  Ilf  tyiiliiiM  fnvnr;  iirriiiiKi*  for  Itii*  uiiiiI.viiIm,  mIiiiI.v.  mill  im’.illriil Inn  iif  mcIi‘IiI IHr 
iliilil  uiiil  iiiiiIitIiiI  iililiiiiiiHl  III  Kill'll  lli>lil  llivi<Kll);illlnliK:  i'kIiiIiIInIi  iiiiiI  iiiiiiiiiiilii  ly|iliiiK 
fi'viT  Mtiiily  iiiillK  III  iititirn|irliili‘ liovoniiiii'liliil  InlmnilnrliiM :  iiiiil  iiria  iiri'  Miirli  liilMirnliiry 
Kimi'i-.  I'lliili'iit  fiii'llliInK,  mill  iMtiiliniiimt  an  iiiity  Imi  iiia'i'swi ry  in  iiia'iiiii|illNli  tlir  |iiir|MiiM‘ 
Ilf  tills  iinlnr.  Iln  sliiilt  <nlliitMinili>  wllli  tlin  Si-i-niliiry  nf  Wiir,  llin  Sia'rntiiry  iif  llii*  \iivy, 
llin  AiliiitiilHlriilnr  of  iIh‘  KiHlnnil  Sis'iirlly  AKoiii-y.  mill  M|i|ini|irliili>  ilvllliiti  nrKniilmliniiK. 
will'll  iiis'i'HHiir.v.  n'Kiirilliii;  Ilii*  t-.nM'liroiiii'lil.  of  twriioiiiii'l  iiiiil  laiiiliminiil  In  iniiiii'i'lliin 
wllli  till'  tii'llvIlli'K  nf  llin  rniiiiniMMloiK  kii'ti  llu'  Sni-n'tiiry  nf  Wiir  liiforiiii'il  In  n-ininl  to 
|ini«n>Ms  iiiiiili'  In  iurryliii:  mil  iIiIk  onlnr,  ilinl  |a*rfnriii  siii'li  nilii'r  ilnlli's  ns  from  lliiin  In 
limn  llin  Sai  rnl'iry  of  Wiir  iiiiiy  unmIkii  I»  him. 

Ti.  All  KxiM'lltlvn  iti'iHirliiH'iilM.  liHlniwiiilniil  nsInlillMlinii'iilK.  mill  iilhnr  I'lNlnriil  iiKniirli's 
nn-  linri'liy  iiitlliiirixnil  iiml  illris'ii>il  in  iimkIki  ihn  Sia-rnliiry  nf  War  mill  ihi'  lllmt'lor  In 
nnrryliiK  mil  .IiIk  nnlnr,  liii'liiiltiitr  Ihn  fiiriiliililtiK  of  iiiiiIihiii'iiI.  ImiiKiNirlnllnn.  iiinl  |M'r- 
Hoiinnl  fiii'llllli<K  mill  iMMlxlmH-n. 

II.  Tlinrn  Ik  linri’liy  n«UlillKhi’it  ii  riilli>il  Slnlns  nf  Aiiinrlin  TyfiliiiK  I'litiititlKKlnn  MimIiiI, 
wllli  Kiiltnliln  iii>|iiirli*iiiiiii'i-K,  wlih'li  kIihII  Ik*  nwnnliHl  liy  Ihi’  I'n'slilniil  of  llin  thillnl 
Sliiti’K  or  III.  hiK  illni'ilnii.  Ill  Hiiy  iN’rimil  who  limy  ri'iiilnr  or  iuntrlliiiln  iiinrlliirliiiiK  Knrvli-n 
III  iniinni'lioii  with  Ihn  work  nf  ilir  ('miiinlMiliin, 

Krasklis  D.  UooiiF:yri.T. 

Tub  Wiimc  Ilni'mi,  nrrrmhrrH.  f!Hf. 

]$v  lliis  iiiiiiHiiiil  1*iv.Kiili>iilitil  oriliT,  tin*  CiiiniiiiKMiiin  wiis  ninlownil  willi 
iiti|iiii'nilntit4’il  itiiiliiirilv  toili>ii)  witli  llin  |in>i>lniiisof  ii  siii|r|n  ^niiip  of  ilisnnsns. 
It  WIIS  linn  Ilf  llin  tiixl  I'liiiiimKiln  iiiiiiliin'  iiiiils.  Sonin  pliiisns  in  ils  niiiililiity; 
onlnr  coiilil  Im  iiilnr|imt»Hl  ns  ilirwliiip  il  to  iiilervniin  in  sitiml  ions  ovnr  wliinli 
anollinr  )r<ivnniiiin;itii I  iip’iiny  (llin  Piiblin  Ilnallli  Snrviir)  liiiit  sliiiiilory 
jtiristltnlion.  Witlioiit  fiiiiils  of  ils  own,  llin  nosis  nf  o|H>nilioii  of  llin  ('oiiiiiiis- 
sioii  anil  llin  Iiirp' nx|N*niIiliims  for  iililily|>1iiis  sii)>|>lins  wliinli  it  mniniiiiieiiilnil 
wnm  [Hiiil  liy  llin  viirions  niiltliiry  otyrnniziilions  willi  wliinli  il  wtis  iissiM'iiilntl, 
anil  fniiii  Iniiil-lnasn  funds  llimoy'li  OIaI<A  (Offii'n  of  l.<niiil-lx*iisn  Ailniiiiislni- 
lion)  or  FKA  ( Fon>i);ii  Knonontin  .Vilniinisinilion),  or  TNUIfA  (riiilnd  Xa- 
lions  Knlinr  iiiiil  Knlinbililiition  Ailniiiiisinilion).  Tlinm  wiis  nnvnr  any 
iissniiililini;  of  llin  tipims  for  llie  nosis  of  oiwmlion  nf  llin  ('oniinission  or  of 
nx|H>nilitnrPs  iiiadn  on  Ihn  basis  of  ils  minnsls  tiiiil  mnonnnnniliil ions.  This 
iitillior,  foniH’r  Dimnlor  of  llin  ('iHiiniissinn.  nsliniiilns  lliiil  llin  dimni  nosis  nf 
llin  ('iiininission  wnm  iin.irly  niillion  anil  llinl  llw  n.\])niiililnrps  ns  ti  msiill. 
of  mi|ni‘sls  and  mnnninipiiilaiinns  iiiiioiinlnil  In  al  Intisl.  $10  itiillion. 

As  ft  “niisnniinnnons  mlivily’’  of  llin  Wtir  Dp|iarliiinnl,*=  Iniviiifr  dimi’l  ac- 
i-nss  III  llin  Itijfbnsl  ffovnriinieiiliil  iiinl  inililary  Invnis,  llin  Ciiiiniiissinii  wiis  ti 


(Il  Wnr  Iti'iiRrlfmnl  I'lnniliir  Nm.  4  Jmii.  11144.  i2l  Army  :i45  Tt,  .%  Adit.  1IM4. 

War  Hfimrlmewt  nrriilar  Nm.  4V7a  2  Nov.  1944. 
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sieiniiliitoiioiiioiis  oi'piniziitioii  iinioii);  tlie  iiiedionl  estiihlisliinpnts  of  tlie  Army. 
It  WHS  iittaclied  to,  or  nceoniiiio<ltite<I  in,  various  i-e^rnliir  inediriil  orpnniziitions, 
blit  it  iimintiiined  its  iiitpp'ity  iisii  War  Deiairtiiient  ii^nry,  established  its  own 
cliiinnels  of  ■‘oniniiiiiinition,  and  biindletl  its  |>ersoiiiiel  tlironph  the  Ofliee  of 
The  Adjiitnnt  Geiienil  or  sftine  erlieloii  of  the  General  Staff. 

To  fnci  litate  the  work  of  the  Commission  in  theaters  of  operations  overseas, 
letters  were  sent  by  order  of  the  Secretary  of  War  to  coinniaiulinj'  ^nerals  of 
such  theatei's,  citinj:  ihe  K.xecntive  Order  Xo.  1)285,  explaininf;  the  nature  and 
pur]K)ses  of  the  Coinniis.sion,  and  requesting;  cooperation  and  assistance,  ]>ar- 
ticnlarly  with  respect  to  |ainif;rapli  .5  of  the  Executive  order.  In  a  theater 
of  operations,  the  members  of  the  Comiiiissioii  and  associated  pei'sonnel  were 
under  the  limited  jurisdiction  of  the  theater  commander.  T''sually,  the  Field 
Headquarters  of  the  Commission  was  attached  to  the  Office  of  the  Chief  Snr- 
peon.  but  in  the  Enroircan  theater,  it  was  attached  to  G-5  (civil  affairs/niilitary 
povernment),  SHAEF  (Supreme  Headquarters,  Allierl  Expeditionary  Force). 
Althouph  there  were  troubles  from  time  to  time,  the  necessary  nrranpements 
were  worked  out  with  sufficient  harmony  and  effectiveness,  on  the  whole.  Nat¬ 
urally,  the  Commission  took  care  to  respect  the  regular  medical  and  militaiy 
authority  and  jiiris<liction  with  which  it  was  in  contact.  Indeed,  it  could  not 
have  functioned  othenvise,  presidential  Executive  order  to  the  contrary 
notwithstandinp. 

Personnel,  Staffing,  and  Stations 

Dnrinp  the  perioil  from  24  December  1942  to  30  June  1946,  75  coninii.s- 
sioned  officers,  6  civilian  scientists  and  physicians,  and  about  200  enlisted  men 
and  women  serverl  with  the  l’.S.A.  Tyjdius  Commission.  Tlie  officers  were 
drawn  from  the  three  services  as  follows: 

1.  I' roll!  the  U.S.  Army:  49  (M(',  24;  SnC,  14;  MAC,  7:  miscellaiieous 
branches,  4). 

2.  From  the  U.S.  Navy :  19  (all  MC). 

3.  From  the  U.S.  Public  Health  Service:  7. 

Tliu  Headquarters,  Field  Headquarters,  teams,  and  their  staffs  were  as 
follows : 

Wanhinyton,  D.C. — Headquarters  of  the  Commission,  located  in  I’reven- 
tive  Medicine  Service,  Office  of  The  Surpeon  General,  U.S.  Army.  Opened  24 
December  1942.  closed  •‘10  June  1946.  Total  staff  of  25  officers  over  the  entire 
period,  with  usually  3  to  5  in  the  office.  From  late  October  to  about  the  end 
of  1942,  before  the  issuance  of  Executive  Order  No.  9285,  Admiral  Steplieiisoii 
conducted  the  affairs  of  the  Commission  from  an  office  in  the  Preventive  Medi¬ 
cine  Division  of  the  Bureau  of  Medicine  and  Surpery  of  the  U.S.  Navy. 

Cairo,  Egypt. — Field  Headquarters  in  USAFIME  (U.S.  Army  Forces  in 
the  Middle  East).  Opened  7  January  1943  with  attachment  to  the  Office  of 
the  Chief  Surgeon,  US.VFIME;  closed  25  September  1945,  but  through  a 
liaison  officer,  U.S. A.  Typhus  Commission  activities  at  Cairo  were  contiinie<l 
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and  wiMv  olliciiillv  icniiiiinKHl  on  :'l  l'VI>ru:irv  The  siiitf  viiriod:  iisiiiilly 

about  8  to  111  otlicfi's, 

'.S.A.  Ty|>ln(s  ('oiiiiiiissioii  Typhus  ('oiiIidI  'I'niin,  bust'd 
ill  I'jirio  Slid  iis.-i«H'iai<‘<l  in  Indy  with  NATOrSA-MTOTSA,  AFIKJ,  mid 
Allied  ('oiitml  ('oiniiiissioii.  Kii-sl  Mnilact  xvitli  typhus  in  Xtiplos  about  7  De- 
coiiibor  r.ild;  participation  in  cpiiloinic  control  from  'Jil  Dt'miibor  I'.mi;  oAi- 
ciiilly  ivsiionsililo  for  control  fnnii  .$  .limitary  tt»  !)  February  1U44.  Staff  of 
six  oflii-evs. 

Loitdon,  Kiujldiul. — F'ieUl  llemlqimrters  in  KTOl'SA  (H(iru|>ean  Theater 
of  Oiierntioiis,  U.S.  Aniiy)  lind  connecthnis  with  the  Ollice  of  the  (Miief  Sur¬ 
geon.  FH'OUSA,  lut  was  attiiclied  to  Hendqiin tiers,  SIIAKF  ((}-.')).  Office 
opened  IT  May  104-1,  closed  0  November  1044.  Staff  of  seven  officers. 

Park,  France. — Field  Headquarters  in  KTOPS.V.  ()|)ene«I  0  Xoveiiilier 
1944,  closed  97  August  104.’>.  Staff  of  seven  officers. 

Frankfurt,  Germany. — F'iekl  Headquarters  in  I'SFKT  (li.S.  F'orct's,  Ku- 
ropran  Tlnaiter).  Opt'iied  97  Novenilier  194.*>,  ch>s»Hl  99  April  194(>.  Staff  of 
seven  officers. 

AVir  Guinea  and  the  Philipplnrii. — FieUI  Heiulqiiurters  of  niobilo  research 
and  control  teimis coiicernetl  chielly  with  scrub  typhus: 

1.  .loint  U'lun  with  tlie.  .\miy  K|>ideiiiiological  Hoard,  in  Kastern  New 
Guinea,  SWT'.V,  from  10  Gctolier  104:i  to  19  December  1043.  Staff  of  three 
officers. 

9.  Group  with  tmujis  in  New  Gniiiea  and  the  Philippines,  SWPA,  from 
7  April  194  4  to  19  March  194,').  Staff  of  four  officers. 

Manila,  /’./. — Field  Headquarters  in  .SWPA  (Southwest  Pacific  Area), 
later  USAFPAC  (U.S.  Army  Forces,  Pacilw).  Oiieiied  in  attachment  to  the 
Office  of  the  ('hief  Surgeon,  19  March  194.5, closeil  ai>ont  93  October  194.5,  when 
USAFPA(%Reiir  niovetl  to  Tt^’o,  .fapan.  Staff  of  seven  officers. 

Tokyo,  Jai>an. — Field  Headquarters  in  US.\FPAC-Advanced,  with  at¬ 
tachments  to  Office  of  the  Chief  Surgeon,  General  Headquarters,  USAFPAC, 
and  to  Public  Health  and  Welfare  Division,  SCAP  (Supreme  ('omniander 
for  the  Allied  Powers).  Opened  3  October  194.5,  closed  90  May  ISMO.  Staff 
of  nine  officers. 

Myitkyina,  Bumur. — Field  Headquarters  in  CBI  (China-Buima-India 
theater)  was  attached  to  the  Office  of  the  Chief  Surgeon  of  the  theater.  Opened 
9  November  1944,  closeil  10  Noveinlier  1945,  was  coiicenieil  chiefly  with  prob¬ 
lems  of  scrub  ty]>hu8  in  the  Ledo  Road  area.  Staff  of  18  officers. 

In  the  staff  enumerations  just  given,  the  total  of  officers  assigned  to  sta¬ 
tions  and  teams  exceeds  the  total  assigned  to  the  (Tomniissiun.  The  explana¬ 
tion  is  that  a  number  of  officers  served  at  various  times  at  more  than  one 
station,  and  they  were  counted  for  each  assignment. 

Tlie  Directors  of  the  U.S.A.  Typhus  Commission  were: 

Rear  Adm.  Cffiarles  S.  Stephenson,  MC,  USN,  originally  designated  Di¬ 
rector  on  22  October  1942,  formally  appointed  Director  on  13  January  194.3, 
and  relieveil  as  Director  on  17  February  194.3  on  account  of  illness. 
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Hrig.  (leii.  I^eoii  A.  Fox.  M(',  ii|i|M>iiitMl  Diivctor  on  IT  FeliniiiiT  1943 
(while  in  jrmdeof  onloiiel),  iit  liis  reijnest  i'elieve<l  ns  DirecJoi'on  :il  Aiijriist  1943 
and  appointed  Field  Director. 

Brip.  Gen.  Stanhope  Bayne-.Tonea,  MC,  appoinred  Director  on  21  August 
1943  (while  in  grade  of  colonel),  relieve<l  ns  Director,  30  June  1946,  on  termi¬ 
nation  of  the  Commission. 

In  all  of  these  places  and  under  all  sorts  of  conditions,  the  relationships 
between  the  Commission  and  organizations,  and  between  individuals,  were 
intricate,  often  experimental,  and  sometimes  difficult.  While  they  were  har¬ 
monious  on  the  whole,  controversies  and  conflicts  occurred  occasionally.  'Phe 
most  serious  of  these  were  in  the  Fiehl  IleiKhpinrtei-s  of  the  Coiiiniis.siou  at 
Cairo  in  1943,  and  between  the  Commission  and  the  Preventive  Medicine  Divi- 
.sioti  of  the  Office  of  the  iSiirpeoii  of  the  Xoi-tli  Africiin-Mwliterninean 
Theater  of  Operations.  Conflicts  and  mutual  recriminations,  however,  did  not 
prevent  great  accomplishments.  There  was  ample  cre<lit  for  all,  although  it 
was  not  always  widely  accorded  at  the  time.  Regretting  that  such  troubles 
occurred  at  all,  the  author  will  limit  the  mention  of  them  to  a  few  that  seem 
sufficiently  important  and  will  try  to  avoid  recall  of  bitterness. 

The  U.S.A.  Typhus  Commission  had  an  eventful  existence  of  about  3% 
years  until,  on  its  own  motion,  it  was  dissolved  as  of  30  June  1946  by  President 
Truman’s  Executive  Order  No.  9685,  dated  IT  January  1946. 

EPIDEMIC  TYPHUS  IN  THE  MEDITERRANEAN  REGION,  1943-^ 

III  spite  of  the  vastness  of  the  area  and  its  ninny  different  (  oiintries  and 
peoples,  and  in  spite  of  the  differences  between  the  missions  and  military 
situations  of  the  American  and  British  organizations  in  the  area,  it  is  possible 
to  present  a  fairly  imified  account  of  activities  for  the  control  of  epidemic 
typhus  in  the  Mediterranean  region  and  Middle  East  from  1  January  1943  to 
31  December  1945. 

The  two  major  theaters  were: 

1.  USAFIME  (U.S.  Army  Forces  in  tlie  Middle  East),  later,  1  March 
1945,  AMET  (the  Africa-Middle  East  theater),  which  included  Egypt,  Pales¬ 
tine,  Trans-Jordan,  Lebanon,  Syria,  Turkey,  Iraq,  Iran,  Saudi  Arabia,  Greece, 
Yugoslavia,  and  Senegal  (Dakar),  with  minor  contacts  with  Libya,  Anglo- 
Egyptian  Sudan,  Ethiopia,  Eritrea,  British  Somaliland,  Italian  Somaliland, 
Yemen,  Aden  Protectorate,  and  Oman. 

2.  NATOUSA  (North  African  Tlieater  of  Operations,  U.S.  Army),  later, 
1  November  1944,  MTOUSA  (Mediterranean  Theater  of  Operations,  U.S. 
Army),  which  included  Morocco,  Algeria,  Tunisia,  Libya,  Sicily,  Italy,  Yugo¬ 
slavia,  Turkey,  Greece,  and  Spain. 

The  boundaries  of  these  two  theaters  were  changed  from  time  to  time. 
Hence  the  names  of  several  countries  appear  in  both  jurisdictional  lists. 
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The  Africa-Middle  Kiist  theater  was  never  a  theater  of  military  combat. 
Fi-oin  the  .start  in  1!)42,  the  chief  ••<incem  of  I'.SAFIMK,  with  Headquarters 
at  ('aim,  Epyjit,  was  to  jyive  aid  to  the  Hritish  war  effort  in  that  repioii.  In 
July  1043,  the  strength  of  the  Middle  East  theater  reache<l  a  i)enk  of  66,.^00, 
of  which  iiuiiil)er  27,^100  were  in  the  Persian  (tiilf  (^oinnmnd.  By  January 
1944,  the  sti-eiijrth  had  <lro|ij)etl  to  46,000.  The  IT.S.  Ninth  Air  Force  left  the 
theater  in  Sejiteinher  1944.  By  September  1945,  the  strenpth  was  21,000.  In 
1943,  the  main  fnnctions  of  this  theater  Itecame  those  of  supply  and  service. 
Extensive  lend-lease  tmiisnctions  were  conducted  there  throne'll  FEA  and 
the  Middle  East  Supply  Center,  at  Cairo. 

Typhus  (^mmission  Activities  in  USAFIME 

The  Forward  Echelon  of  the  I7.S..V.  Typhus  Commission  arrived  at  Cairo, 
EfSj'Pl?  *'**  7  **0^  20  January  1943.  The  first  section  nmler  Admiral  Stephenson, 
Director,  inclndetl  Colonel  Plotz  (p.  188);  Lt.  Cmndr.  W.  B.  McAllister,  MC, 
T’SNR;  and  Dr.  Fred  L.  Soper,  .staff  member  of  the  International  Health 
Division  of  the  Rockefeller  Foundation.  The  second  section  under  Capt.  E.  H. 
Cu.shinjr,  .MC,  USNR,  include<l  Colonel  Gilliam  (p.  196) ;  Maj.  (later  IJ.  Col.) 
John  C.  Snyder,  MC;  Dr.  Charles  M.  Wheeler,  entomologist,  later  coniinis- 
ssoncd  major,  SnC;  and  Lt.  Comdr.  Andrew  Yeomans,  MC,  USNR. 

There  were  seeds  of  later  troubles  in  the  composition  of  the  Forward 
Echelon  of  the  Commission.  Navy  personnel  predominated  in  a  group  desig¬ 
nated  to  assist  in  handling  ashore  a  predominantly  Army  problem.  The  large 
representation  of  the  International  Health  Division  and  International  Health 
Commission  of  the  Rockefeller  Foundation  (Soper,  Snyder,  and  Wheeler) 
tended  to  make  a  group  within  the  group  with  special  ties  to  the  parent  civilian 
organization.  .Vrrangements  for  payments  of  salaries  and  for  separations  “at 
the  earliest  date  comjtatible  with  the  mission  of  the  United  States  of  America 
Typhus  Commission”  emphasized  the  divided  allegiance.** 

The  Commission  was  well  introduced  by  a  letter,  dated  27  December  1946, 
by  order  of  the  Secretary  of  War,  to  the  Commanding  General,  USAFIME, 
and  this  letter  secured  all  necessary  support  during  the  next  2  years.  The 
main  problem  wrs  how  to  integrate  a  presidential  commission  under  the  Sec¬ 
retary  of  War  and  a  Director  clothed  with  broad  powers,  reporting  directly  to 
the  Secretary  of  War,  into  the  military  organization  of  a  theater  of  operations 
under  a  commanding  general  whose  powers  were  virtually  absolute.  As  there 
were  no  precedents  to  be  followed,  arrangements  had  to  be  worked  out  through 
experience.  In  the  Middle  East  theater  in  July  1944,  a  theater  commander 
attempted  to  assign  the  local  unit  of  the  Commission  to  his  headquarters  “in  a 


**  I<ettcr,  Rear  Adnlral  C.  8.  Stfttbeuoa.  Dinctor.  Ualtad  Stataa  ot  Aararlca  Trpbua  ConuaiialoB. 
to  Dr.  W.  A.  Sawypr,  Miwtor,  latpraaUonal  Hpalth  Dlrtrioa.  aocfcofrlln'  roanOatloD,  •  Dec.  IMS, 
wttb  lopl;  trom  Dr.  8aw;or,  14  Dee.  IMS,  attaefeed  tbereto. 
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command  line.”**  Tliis  was  resisted  locally  and  was  definitely  preventetl  l»y 
staff  action  in  Wnsliinjjton,  by  order  of  the  Secretary  of  War.*"' 

On  12  January  1!)4J,  an  iifn^aieiit  \ra.s  made  l)et\vcen  the  Coniniis.sioii  and 
(lie  .Mini.stry  of  Pnlilic  Health  of  tlie  Kjryiitinn  (ioveminent  tIironf;h  which  the 
Commission  ditiiined  the  use  and  control  of  a  ward  for  clinical  studies  of 
ty]>liiis  at  the,  Abn.ssia  Fever  Hospital  iind  lalmmtory  si)ace  at  the  (lovern- 
nieiit  Serum  Institute,  and  privilepes  for  the  study  of  the  palholo^  of  typhus. 
In  n<l<liti(in,  the  agreement  jirovided  for  n  controlled  study  of  the  efficacy  of 
typlins  ^■accille  and  for  uii  investigation  of  louse  jmwders  at  Esbe  Baineses 
ami  Hidsah. 

On  24  January  1!)4;$,  Adininil  Stephenson,  who  was  on  his  way  to  Teheran 
to  make  a  .survey  of  the  typhus  situation  in  Imii,  became  ill  in  Dainascns.  Be¬ 
cause  of  this  iilneas,  the  Secretary  of  War  regretfully  relieveil  Adniinil  Ste¬ 
phenson  of  the  Directorship  of  the  ('oniiuission. 

(hi  S  February  IIWS,  the  Secretary  of  War  appointed  ('ol.  (later  Brig. 
Gen.)  1,/eon  A.  Fox,  M(’,  Director  of  the  Commission.  General  Fox  arrived  in 
('airo  on  28  March  1U4:J  and  took  over  and  reorgaiiizerl  the  Field  Headquarters 
there.  At  about  the  same  time,  the  Rear  Kclieloii  at  the  Washington  office 
ns.suiiie<l  authority  which  it  should  have  been  exenusiiig  from  the  Iiegimiing. 
At  his  request,  (leneml  Fox  was  rehevwl  as  Director  and  npixiinfed  Field 
Director  on  21  August  1943,  and  on  the  same  date,  ('ol.  (later  Brig.  Gen.) 
Stiiiih()|>e  Bayiie-Jniies,  M(',  was  apfioinletl  Director  of  the  roniini.ssion  to 
serve  at  the  Headquarters  in  Washington,  in  addition  to  his  other  duties  as 
Deputy  ('hief  of  Preventive  Medicine  Service  and  Adminisfnifor  of  the  Army 
Kpideinioiogical  Boanl. 

Surveys. — During  the  period  from  January  1943  to  September  1945,  the 
U.S.A.  Typhus  Commission  made  surveys  of  tlie  typhus  situation  and  related 
economic  and  niedical  conditions  in  most  of  the  countries  of  North  and  East 
Africa  and  the  Middle  East.  These  surveys  furnished  a  great  deal  of  service¬ 
able  information  which  was  used  by  both  military  and  civilian  authorities. 
ImiMirtuiit  scie'itific,  military,  an<l  governmental  contacts  were  made  in  all 
coinitries  visited. 

Middle  East  Sepply  Center.— Throughout  this  period,  194.3-45,  the 
Headquarters  of  MESC  (Middle  East  Supply  Center)  was  at  Cairo.  "While 
the  Center  was  predominantly  a  British  organization,  the  chief  civilian  Ameri¬ 
can  representative  on  its  board  had  the  rank  of  Minister.  The  enormous  lend- 
lease  transactions  handled  ly  the  Onter  were  mostly  for  American  agricul¬ 
tural  products,  food,  and  medical  supplies.  In  1943,  the  MESC  area  included 
18  countries  and  about  80  million  people.  I>ate  in  11)44  and  early  in  194.'),  A'ligo- 


^SUff  Na.  12.  RA«rf4ioart»rs.  U.8.  Armj  Foref*  Is  tli«  MlMle  Calm.  Ecjpt. 

10  Julx  mibjMrt:  Oripiolutloa  and  Oparatlon  of  Head^aarten,  U.fl.  Armj  Forcea  In  tbe  Mlddlo 
Eaat. 

Mranasa  No.  WAIUC  91930  <TAII  260  from  CCi  elte  OCACl.  14  Aon.  1044.  sMbJdvt: 
Bpc'flal  Attachment  tlie  Cairo  Qroup  of  tbe  United  Statea  of  Aaierlea  Txpbua  ComaalMton  to  Head* 
quartern.  AML  (Balkana).  (Part  2  of  thh  meaaaft  dearlf  deOiieB  tbe  atatua  of  tbe  CommluloB  aa  a 
**mlpeellaiieot»  War  DefHirtBMtit  actleitj  noder  tbe  tuperrialon  of  Ibe  Rccretarx  of  Wat.'*) 
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slavin  and  Greece  came  into  the  MKS('  area  thntii^h  the  (i|iei'nt ions  of  UNURA 
and  A)[Tj  Balkans,  bringing  tlie  countries  ii|i  to  20  and  the  ]K>piiIation  up  to 
about  100  million. 

In  all  these  countries,  epidemic  tj'phns  was  a  problem,  in  vniyiiig  degrees. 
In  some,  it  was  a  threat  or  liiiidranee  to  the  war  effort,  or  an  increased  hiirden 
upon  liberating  and  occupying  military  forces.  Hence.  MK!S(’  was  constantly 
concerned  with  the.  pmcnreiiieiit  and  distribution  of  supplies  for  the  control 
of  typhus,  chiefly  vaccine  and  louse  powder. 

The  Chief  Surgeon  of  the  Middle  East  theater  and  the  Field  Director  of 
the  U.S.A.  Typhus  Commission  were  menil»ers  of  the  Executive  ('ommittee  of 
MEMAC  (Middle  East  Medical  Advisory  Committee),  the  recommendations 
of  which  influenced  policy,  procurement,  storage,  and  distribution  of  medical 
supplies.  The  U.S.A.  Typhus  Commission  became  a  main  adviser.”  The  final 
position  of  responsibility  of  the  Commission  is  indicated  in  the  following  ex¬ 
cerpt  from  a  MEMAC  memorandum,  dated  26  January  1945 : 

The  t'.S..\.  Tj'phus  (VaainlHShin  will  iims-I  all  lexUlninle  reipiestK  for  trphua  vaccine 
placed  hr  Middle  East  Oovemmenta  through  the  Middle  East  Snppl.v  Center.  Typhna  vac- 
ciiie  IsKued  to  Middle  Eaat  Oovemmeiits  la  Issued  free  of  charce  and  rriualna  the  property  of 
I  he  U.S.A.  Typhus  Commlmloii  until  finally  administered  to  an  IndlTlilnal.  Aicencles  to 
which  vaccine  Is  issued  serve  ns  agents  of  the  t’.S.A.  Typhus  Commission,  to  which  they 
lire  resisinsiiiie  for  proper  storage  iind  aUiulnlHtmtioii  of  vui-t  lne  lo  Ihero. 

Regarding  the  free  distribution  of  typhus  vaccine,  information  is  given 
in  paragraphs  to  follow  about  the  First  Cairo  Conference  of  22-26  November 
1943. 

Tlie  U.S.A.  Typhus  Commission  recommended  that  in  developing  typhus 
immunization  programs  and  estimates  of  requirements  for  vaccine,  particular 
attention  should  be  given  to — 

1.  The  group  at  greatest  risk — doctors,  nurses,  hospital  staffs,  public 
health  and  sanitary  personnel,  police,  jailers,  and  prisoners. 

2.  Personnel  who  are  at  risk  and  the  deprivation  of  whose  services  would 
interfere  with  the  war  effort  or  disrupt  the  normal  life  of  the  community, 
especially  transportation  employees  and  employees  of  communication  services. 

3.  Whole  communities  which  for  one  reason  or  another  required  protec¬ 
tion  might  bs  considered  for  mass  vaccination. 

4.  Military  personnel  of  neutral  countries.  For  example,  on  the  advice 
of  the  U.S.A.  Tophus  Commission,  typhus  vaccine  was  supplied  through 
MESC  for  the  Egyptian  Army,  the  Iranian  Army,  and  the  Turkish  Army. 

The  requirements  for  typhus  vaccine  based  upon  these  considerations  be¬ 
came  enormous.  From  1943  through  1945,  more  than  50  million  ml.  of  Ameri¬ 
can-made  typhus  vaccine  were  provided  for  the  Middle  East  countries  and  for 
Morocco  and  Algeria.  During  one  critical  period  when  there  were  no  other 
“firm  orders,”  the  estimates  of  need,  tantamount  to  requisition,  placed  by  the 

wd)  MUatM.  KlddU  Cait  KvSIm  AaviMrj  Cvulttv*.  3t  Apr.  IMS.  (2)  Mlaatn.  Mlddl* 
But  MtAcftl  Aiwimrj  CoHalttu,  2S  Jvljr  IMS.  attacked  ei>p7  ef  telefraai  froat  Middle  East  Sapply 
Crater  ta  Brltlik  Ernkanj,  itakara,  Tarkej,  16  daljr  tk43. 
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U.S-iV.  Tj-jjIiiis  C'oiiiinission  hel|x*(l  to  keep  the  manufacture  of  the  vaccine 
going  in  the  United.  States,  thus  holding  together  the  inimiiiiixed  staffs  of 
workers  at  the  specialized  plants. 

With  respect  to  louse  |>owders,  particularly  preparations  of  DDT,  a  sim¬ 
ilar  story  <‘ou!d  be  told  about  the  lieiieficial  collaboration  between  the  Office  of 
the  (,'hief  Surgeon,  USAFIMK,  the  U.S.A.  Typhus  Commission,  and  MESC. 
Starting  from  a  dribble  of  samples  for  testing  in  1943,  tlie  requirements,  peri¬ 
odically  <letpmiined,  for  the  Middle  East  ix)ol  reached  30  tons  of  i>nre  DDT 
by  April  1944  and  <i0  tons  in  1945,  In  this  area,  the  U.S.A.  Ty)>hus  ('ommis- 
sion  beciiiiie  a  in  :in  ailviser  on  ])roduction,  procurement,  supply,  and  allocation 
of  DDT  and  dusters  for  use  in  tlie  prevention  and  control  of  typhus.*' 

Egypt — Surveys  in  Egypt,  together  with  the  reports  of  Van  Rooyen,*' 
showed  that  ty|>hiis  unioag  the  Egyptians  in  areas  around  Cairo  and  Suez, 
and  in  the  Nile  Delta,  was  a  major  problem  of  civilian  preventive  medicine. 
Tlie  e|)idemic  ]>eriod  was  from  December  to  June,  with  a  peak  usually  in  April. 
The  case  fatalily  rate  was  about  15  (lercent.  As  shown  in  table  34,  the  most 
severe  epidemics  of  typhus  fever  in  Egypt  in  15  years  occurred  in  the  period  of 
1942^4.  Military  jireventive  medicine,  however,  had  no  difficulty  in  coping 
with  the  threat  represented  by  these  outbreaks  of  typhus  in  the  civilian  environ¬ 
ment  of  troops. 

To  assist  the  Egyptian  Government,  typhus  vaccine  and  louse  powder 
were  provided  in  large  quantities  through  MESC.  There  was  a  high  incidence 
of  e])idcmic  typhus  in  the  Egyptian  Army.  For  example,  in  n  total  strength  of 
62,500  in  1943,  there  were  239  cases  and  40  deaths  from  epidemic  typhus. 
Through  an  agreement  between  the  Field  Director  of  the  U.S.A.  Typhus 
Commission  and  the  Egyptian  Surgeon  General,  dated  8  January  1944,  train¬ 
ing  in  the  newer  methods  of  typhus  control  was  provided  and  sufficient  typhus 
vaccine  to  immunize  the  whole  force  was  made  available. 

Iran. — To  safeguard  the  supply  of  oil  and  gasoline  from  the  wells  and 
refineries  in  the  region  of  the  Persian  Gulf  and  to  make  sure  that  Iran  remained 
symjiathetic  to  the  Allies,  it  was  necessary  to  support  that  country  and  to  keep 
its  customary  diseases  in  check.  Of  these  diseases,  typhus  was  iii  the  front 
rank.  The  accounts  of  actions  taken  to  control  typhus  in  Iran  from  1943  to 
1945  fill  hundreds  of  pages.  Many  of  them  are  so  fantastic  that  they  resemble 
the  adventures  of  Hajji  Itaba  of  Ispahan. 

Conditiems  similar  to  those  in  Egypt  were  found  in  Iran  where  outbreaks 
of  typhus  of  unusual  severity  occurred  during  the  periotl  194.3-44,  as  shown 
in  table  34.  In  the  midst  of  this,  the  incidence  of  typhus  in  American  troops 
was  negligible. 


•’ll)  MInntn..  MIddl..  Kapt  Slpdlcpl  Adplpory  Cnmptlltpp.  X  Apr.  IMS.  12)  MrariorpaduBl. 
Dlr«etor,  ITnltM  KtatM  of  America  T^phun  Comnlpslvn.  for  Own.  L^Rnj  LmIpm.  Aadstant  Chlrf 
of  fltalf.  OprratloiiB.  Hpadquartpm.  Arnj  &«rr)c«  Forevo.  14  June  1944.  :  DDT  fluppljr  for  th« 

UnUrd  Slatti  of  America  Tjpbut  Commlealon  and  CAD. 

•Van  Rooyen,  C.  E.,  Bowie.  J.  JI.,  and  Krikorlan.  K.  8.:  Typbua  Reaearrh  In  Kirypt.  Paleallne. 
Iraq,  and  Iran.  Tr  Roy,  8i»c.  Trop.  Med.  k  Ryif,  38:  133-149,  Norcniber  1944. 
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Sti'eiinoiis  efforts  were  iniulo  b_v  the  I'.S.A.  Tyi)lnis  ('oniiuissiun  to  orgii- 
iiize  II  iiio<leni  protjniiii  of  tyi>liiisouiitrol  in  Inui.  It  was  diflic-iilt,  however,  to 
tiiiiislate  official  aj;reenients  into  actions,  to  limply  iirinciples  iind  nieiliods 
iinpiirted  in  i mining,  uiul  to  make  sure  that  typhus  vaccine  and  louse  |><>wders 
were  administered  as  iiitende<I  to  essential  ]>ersoniiel  and  to  the  lonse-iiifeste<l, 
typhns-lieai'ing  iin|Miverished  natives,  and  did  not  Iteconie  sequestrated  by  the 
isiliticnlly  invinineiit  and  wealthy,  or  imldled  on  the  black  market.  Ry  late 
vaccination  against  typhus  and  delousing  with  DDT  had  been  curried 
out  on  a  large  scale.  Vaccine  and  louse  powder  were  supplied  to  the  whole 
Iianiaii  Army. 

Turkey. — In  104:1,  Turkey  was  a  source,  of  au.xiety  because  typhus  in- 
creiise<l  to  e]iidemic  proixirtions  and  becunse  there  was  the  possibility  that 
Turkey's  “syiiipiitbetic  neutrality"  in  relations  with  the  Allies  might  be 
change«l  by  (lennan  pressure  to  an  attitude  that  would  |iermit  Axis  counter¬ 
attacks  through  the  Middle  East  to  Suez  iit  the  time  when  the  iiivasinns  of 
Sicily  ami  Italy  were  getting  underway.  Ambassador  Steinhardt  appreciated 
the  opimrtnnity  to  bring  American  niedicnl  as.si.stiiuce  to  Turkey  and  thus 
St  reiigthen  the  ties  between  the  two  countries. 

According  to  Stowinaii,''’  in  Turkey  in  1!)4(),  11)41,  and  1042,  there  were 
reported,  resi»ectively,  SKI,  fl.W.  and  878  cases  of  epidemic  typhus  fever.  From 
the  lieginning  of  104.1,  an  increase  became  nc«'elernte«l,  niul  the  epidemic  renclieil 
II  |)enk  in  April-June.  Istanbul  and  the  European  territory  of  Turkey  also 
were  nffecteil.  In  104.1,  the  total  number  of  reporteil  cases  was  4,14S:  in  1044, 
the  ininilier  was  .1,201 ;  and  in  104.1,  it  was  approximately  .1,000. 

-\t  the  request  of  the  Turkish  Government,  and  with  approval  by  the 
State  Department  and  the  War  Department.  Brig.  Gen.  I^eon  A.  Fox,  Direc¬ 
tor  of  the  TLS.A.  Typhus  Commission,  flew  into  Turkey  (in  civiliiui  clothes), 
arriving  at  Ankara  on  10  June  104.1.  He  outlined  a  realistic  typhus  control 
prognim  for  Turkey  nml  a  s|iecinl  program  for  the  Turkish  .Vmiy,  and  gained 
an  agreement  for  the  conduct  of  two  controlled  field  teats  of  typhus  viiccine — 
one  in  the  Aniiy  and  one  iinioug  the  miners  of  the  Z4Uigiildnk  mines.  Maj. 
(later  Lt.  Col.)  Edward  S.  Murray,  MC,  was  brought  from  the  Coiiiniiasion’s 
office  at  Cairo  and  put  in  charge  of  these  activities.  Typhus  vaccine  was 
supplied  freely  throiigli  MESC  as  a  straight  lend-lease  transaction  for  use  in 
immunizing  civilians  and  the  Army. 

ITufortiuiately.  for  viiriniis  reasons — some  personal,  some  ]>oliticnl,  and 
some  nationalistic — the  efforts  to  carry  out  an  orderly  control  program  and 
scientific  tests  of  the  efficacy  of  the  vaccine  ended  in  disappointment.  No  con¬ 
clusions  could  be  drawn  from  figures  collected  during  a  year's  work,  although 
the  Turkish  authorities  seeme<l  to  feel  that  the  vaccine  had  prevente<|  some 
occurrence  of  typhus.  As  conditions  for  scientific  investigation  remained  un¬ 
sat  i.sfnctory,  the  jiroject  was  discontinued  early  in  1S)44.  Although  the  scien¬ 
tific  rapport  lapsed,  the  political  association  had  been  strengthened. 

ostowaMO,  K. :  T^pbui  norlDZ  tb«  War.  Epidnalal.  lafara.  Bull.  1(7):  3S»-3I0.  .70  April 
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Field  tests  of  MYL  loose  powder  in  Egypt  in  1943.— The  r.S.A.  Typhus 
Commission's  work  in  Kgy|>t  on  the  study  of  MYL  under  conditions  of  natural 
louse  infestation  got  inulerwny  io  February  1943  at  Esbe  Raineses,  a  cluster 
of  six  homes  lying  just  west  of  the  Colossus  of  Raineses  1 1  on  the  site  of  ancient 
Memphis.  This  Esl>e  was  n<lniinistere«I  'ny  the  nearby  village  of  Mit  Ri.huynah 
wlieiv  the  Hrst  field  studios  of  the  efficacy  of  typhus  vaccine  were  made  at  a 
later  date.  On  4  Maivh  1943,  an  outbreak  of  ejiidemic  ty]>l>iis  at  Bidsah,  a 
village  of  .some  2.()(K»  jieojile,  2.5  miles  south  of  Cairn  in  the.  Province  of  (lizah, 
presented  an  opportunity  to  test  the  possibility  of  rapid  control  of  typhus  in 
an  infected  population. 

By  early  March  194.3,  two  rounds  of  application  of  MYL  |xiwder  to  cloth¬ 
ing  that  hud  lieeii  reiiioverl  from  lonse-iiifected  |)ersons  and  applications  to  the 
Ixulies  of  these  |>ersoiis  weiv  s|>ectttciilnrly  etfe«'tive.  Dr.  .'4o|)er“  re|)orted 
that  the  reduction  of  louse  infestutioii  in  Raineses  following  the  first  two  appli¬ 
cations  of  MYI.<  was  most  striking  and  siif^resteil  tinit  complete  cleaning  of 
the  |Hipulatioii  could  lie  readily  acconiplishe<l.  As  it  turned  out  in  the  end, 
these  were  correct  oliservations  iind  viilitl  conclusions.  But  a  very  troublesome 
{leriorl  of  acrimonious  »‘ontroversy,  lasting  nearly  6  months,  had  to  be  fought 
through  before  the  argument  a-as  displaced  by  the  greater  interest  in  DDT. 

To  the  dismay  of  the  investigators,  and  many  others,  the  third  and  fourth 
series  of  tests  of  MYL  at  Esbe  Rameses  in  April  and  May  194.3  gave  irregular 
results  and  some  failures.  The  investigators  concluded  that  some  batches  or 
cans  of  MYL  powder  were  defective  or  liatl  deterioratetl  during  storage. 

Unfortunately,  reports  of  these  poor  results  and  some  indiscreet  state¬ 
ments  created  the  impression  that  the  Army  louse  powder  MYL  was  no  good. 
Col.  William  S.  Stone,  MC,  Chief,  Sanitation  Branch,  Preventive  Medicine 
Division,  Office  of  The  Surgeon  (leneral,  a  firm  believer  in  MYL,  .severely  criti¬ 
cized  the  design  and  conduct  of  the  experiments  of  the  Commission  in  Egypt, 
After  much  debate,  retestings  at  Orlando,  and  review  of  records,  the  ]>osition 
maintained  by  Preventive  Medicine  Service  was  that  the  Commission's  reports 
had  aroused  iinwarranted  criticism,  tiiat  the  Army's  louse  powder  was  effec¬ 
tive,  and  that  steps  should  be  taken  by  General  Fox  to  prevent  or  counteract 
iinhivorable  rumors  bused  on  incomplete  information. 

This  controversy  involved  not  only  matters  of  morale  but  also  policy  as 
to  whether  reliance  for  delousing  troops  and  civilians  should  be  placed  upon 
chemical  insecticides  in  preference  to  disinfestation  by  heat.  Passing  over  a 
great  deal  of  searching  debate  and  anticipating  events,  it  may  be  said  here 
that  the  decision  made  in  Preventive  Medicine  Service  early  in  1944  was  in 
favor  of  the  use  of  chemical  insecticides  for  delousing  and  for  control  of  the 
louse  factor  in  epidemics  of  typhus. 

The  outbreak  of  typhus  at  Bidsah,  in  March  194^1,  ended  sooner  than  ex- 
tieoted  and  with  fewer  than  expected  oases  following  nppliciitioiis  of  MYL 


••  Mpnoniiidum.  I>r.  Frrd  h.  Sop^.  for  Brlif.  Ora.  Lran  A.  Fox.  Director.  Unltod  8MtM  of 
Anerira  Tjphuo  ConmlHiloD.  4  Juno  1043,  lublrat :  ApprilMl  of  tbe  Bfllrarj  of  Anajr  Powdrr  (MTL) 
and  Methyl  Bromide  In  the  Ctmtrol  of  l^ouae  lafeetatlon. 
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loMsp  |Mi\Y(li>r.  Tliis  WHS  i-vpinlpil  :is:i  iiiiliciil inn  tliiit  iiii  niitlnviik  of 

ty|ilnis  cniilil  bp  iii*(iii);lit  iiikIpi*  i-niitiiil  by  nitplicntinii  of  si  rlipiiiiciil  insect  iniilp. 

Mechanical  diuitera.  - -'Hip  iiipcliiiiiictil  dust  in};  of  |>p<>iiIp  fully  clotlipd 
WHS  lii};bly  ini|MirtHnt  Ns'iiiist*  of  Ibp  siiviii};  of  lime  tinil  Ihtiiiim*  of  llip  ini- 
]M)ssibility,  nr  •'nMit  difficillty,  of  |>prsiinilin};  Mnslein  wniiien  to  disrnlx*.  I'n- 
fortnnatply,  tlipi'p  iimsp  h  *lis|iiitp  over  priority  of  invent  inn  U‘Iwih>ii  tlip  I'.S.A. 
Tynlins  ('nininissinii  inni  llie  Hockefellpr  leiiin  in  Xortli  Africii,  under  iIip  di- 
ns'tinn  tlipre  of  Dr.  So|H'r  who  bud  lieon  (ntnsferipd  tn  tlnit  iissipunent  on  :U 
Aliiy  1!I4.'V  Tbe  muinl.s  show  tliiit  iis  Piiriy  :is  Kebnnirv  anil  .Miircli  I'.ibt,  Dr. 
Wbwler  Ip.  incndH-r  of  the  'ryplins  ('nnniri.s,sion,  wiis  tbiiikiii}; 

iiiMint  llie  use  of  H};ri<'iiltnrHl  bund  diistprs  and  |>owpr  dusters  for  blowin}; 
lon.sp  powder  up  tlip  sitwps,  down  llie  buck,  into  tbe  trousers  or  skirts,  into 
the  linir  mid  lints,  iiinl  into  any  cbMliiii};,  lieddiu};,  eqiiipnient,  Ibsirs,  iind  fiirni- 
Iniv  of  ])ersons  infe.sted  with  lire  «»r  siis|)petpd  of  Ijpinjr  so  infestisl.  On  20 
Mtiieb  ill  Ciiiro,  be  imrrlia.stsl  u  .'si}nnd  Dn.sipr  and  ii  (\>r|K)nd  Duster  ftir 
tbeso  piir|x»ses.  r.aler  in  tbe  year,  be  tlevised  ii  niolor-driven  “iMiwer  duster.'’ 
In  tbe  North  .Vfrican  llieuter.  this  ineilnMl  wns  |N‘rfecie<l  ainl  priority  cliiiined. 
This  was  aiiotber  iiseles,s  contmversy.  Others  liml  bud  the  same  idea  at  least 
a  year  liei'ore.  Notably  Colonel  .Slone  nod  Dr.  .lolin  A  Farrell.  .\ss<H-iHle  Di¬ 
rector.  Interimtioiiiil  Ifenllb  Division  of  the  Kockefeller  Konndiilion,  binl  i‘.x- 
pre.sseil  tbe  coinTplion.  in  deliiiletl  lernis,  of  delonsiii};  |Ks>ple  folly  clolbeil 
by  pnifin};  insis-licide  into  their  pinneiils.  In  the  opinion  of  this  nutlinr,  Dr. 
Wheeler  was  the  lii>i  to  apply  MVf*  and  later,  in  I04:i,  DD'I’  louse  jxiwder 
meclmnically  by  bund  dusters  and  |siwer  diisleis  to  lons<>-infesled  individuals 
fnllv  clothed. 

Typhus  vaccine  tests. — 'Pests  «if  tbe  efficacy  of  the  Army’s  typhus  N-invine 
werecarriisl  out  by  the  l'..'^..\.  'Py pints ( 'oiiiniission  at  the  .Vbassin  anil  Kinbnba 
Fever  Hospitals  in  Caiin  in  I'.t4:!  and  15)44.  'Plie  pnhiisheil  n‘|>orf  on  this 
work  by  F-cke  and  bis  .-issiK-iafes  :ip|M>aml  in  15)|.'i.  but  the  ivsiilts  were  well 
known  in  the  previoiia  year. 

Ill  tbe  tirst  trial,  eoiuhicted  fnnn  .lannary  to  .Inly  1043.  74.‘l  indivldnnls 
nnion;;  Kfr.vpliiin  eniployivs  at  the  .Mnissiii  Fever  Hospital  were  jriven  one  or 
more  iiijt'ctions  of  llie  vaccine.  In  the  stsannl  IrinI,  from  Novenilier  15)4'.l  to 
Sepleinlier  15)44,  75)5)  employet's  at  .Mmssia  and  4f><)  at  Kinbalm  wen*  jriven  one 
or  more  doses  of  the  vaccine.  .Vinoii};  these  2,0lki  individuals  who  were  ex|M>s(sl 
to  typhus  dnrinf;  two  severe  epidemics,  fd  ruses  of  typhus  tM-cnrnsl.  Most  of 
tbe  cases  were  mild.  Only  taie  tlealli  iHvnrreil.  and  that  wns  of  a  |ierson  who 
had  liet'ii  vnecinnted  dnriii};  the  iiiculmtion  |H*rin<l.  'I'lic  nioilnlily  in  nnviicci- 
nnted  patients  ranpysl  from  S.7  to  47  percent,  nreonliii};  to  ape.  The  results 
showed  that,  while  vacciinilion  did  intI-  always  prevent  infis-iion.  two  or  more 
doses  of  Fox-type  vacciiio  piveu  .“I  weeks  or  more  before  tbe  ons»>t  of  typhus 

••  K«ke,  K.  S..  illlllaM,  A.  O..  Knydrr.  J.  TpcHiianii,  A.,  C.  J.,  and  Mnrni.r,  K.  K.  ; 

Efff’ct  of  Coi  Tjpr  Vaertn*  on  L«oua«’'Bor«e  Tjrpkna  K^T^r.  An  Acmnnt  of  61  Ciimhi  (»f  Ka<urallf 
Oeeurrtnd  Trpbvi  »rer  la  Wbn  ll«d  l*r«Tto«idjr  On*  or  Man  I«iJ*cUona  of  {h* 

Vaeda*.  Aid.  J.  Trop.  Mini.  :!5  :  Nor*aih*r  1045. 
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reduced  the  severity  of  the  illness  «iid  pnicticnlly  eliniiiinted  fatnlity.  This 
experience  strengthened  the  recommendation  thnt  vaccination  against  typhus 
be  included  in  programs  for  the  control  of  epidemics. 

It  was  dreaded  that  individuals  suffering  from  typhus  subdued  by  vacci¬ 
nation  would  spread  the  disease  among  their  louse-infested  associates.  Sny¬ 
der”  allayed  these  fears.  He  showed  that  “the  lice  which  feed  on  patients 
who  contract  typhus  after  a  course  of  typhus  vaccine  develop  very  few  rickett- 
sice  in  comparison  with  lice  from  unvaccinated  patients.  Persons  who  have 
had  booster  doses  infect  their  lice  only  rarely’  or  not  at  all.  Thus  vaccination 
of  a  community  undoubte<lly  will  reduce  the  potentiality  for  spread  of  the 
disease  by  lice.” 

Several  years  later,  after  reviewing  the  evidence  acquired  from  the  ex¬ 
periences  with  typhus  dtiring  World  War  II,  Snyder  summed  up  the  opinion 
generally  held  as  follows : 

It  seems  safe  to  assert  on  the  bsslo  of  the  information  now  nrallable  that  Cox-type 
Tscclne  when  properly  prepared  and  administered  will  reduce  the  n>ortalIl.v  from  typhus 
to  a  negligible  point,  will  lessen  the  aeverlty  of  Ibe  Illness  greatly,  and  should  .lecreas* 
enormously  the  posslbiuty  of  typhus  attaining  epidemic  proportions  in  a  thoroughly  vae- 
''inated  eomraunity. 

First  notification  of  typhus  in  Naples. — On  21  September  1943,  BBC 
(British  Broadcasting  Oimpany)  announced  that  epidemic  typhus  fever  was 
occurring  in  Naples,  Italy.  This  was  the  first  public  flash  from  the  gathering 
atom-'  of  typhus  which  became  potentially  dangerous  to  the  Italian  campaign 
of  the  Alli^  Forces  from  October  1943  to  February  1944.  On  the  date  of 
the  BBC  broadcast,  the  Allied  Forces  were  within  10  days  of  entering  Naples. 
The  account  of  actions  preceding  and  following  the  uncovering  of  typhus  in 
Naples  will  be  given  in  the  section  dealing  with  the  typhus  control  activities 
of  the  North  African  Tlieater  of  Operations. 

First  Cairo  Conference,  22-26  November  1943 — free  distribution  of 
typhus  vaccine. — At  the  First  Cairo  Conference  between  President  Roosevelt, 
Prime  Minister  Churchill,  and  Oeneralissimo  Chiang  Kai-shek,  held  from  22 
to  26  November  1943,  the  President  decided  that  the  U.S.  Government  would 
distribute  typhus  vaccine  without  charge  to  Middle  East  countries.  The 
President’s  decision,  based  upon  a  proposal  submitted  by  General  Fox,  was 
stated  as  follows: 

Typhus  vacctne  used  for  civil  coutrol  of  typhus  fwtr  In  dvU  p^ralatlons,  s«  recom¬ 
mended  and  directed  by  the  United  States  of  America  Typbns  Commission,  and  nsder 
reasonable  T^phns  Commission  control,  to  be  made  svsiUbie  from  Typbns  Commission 
stocks  witbont  relmburaement** 

The  proposal  for  free  distribution  of  typhus  vaccine  and  measures  to  keep 
it  out  of  the  ‘‘black  market”  had  been  in  the  mind  of  General  Fox  for  some 

■  Snyder.  J.  C. :  Typhn,  Ferrr  In  the  Sveoud  WvrM  Wnr.  CallfomU  Mtd.  es :  1-10,  Jnniwrr 
1847. 

“( 1 1  Letter.  Brig.  Gm.  Ia«n  A.  Fox.  Field  Direetnr,  United  SUtre  of  .\nwrlni  Tjiibue  Cnamls- 
•lon.  conrteey  of  Admiral  Mclntlre.  tor  Col.  8.  Bnyne-Jone*.  DIrrrtor.  United  State*  of  Ameflea 
Typhni  Cemmlaalon.  2S  N»t.  184S.  (2)  Xadlofraa  AMSUE  No.  8724.  for  Kirk  Inform  Bayae-Jonet 

from  Fox  olcned  Koyet,  98  Mar.  1848. 
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time.  He  iIevelo|)e(l  liis  ideiis  in  miiversntioiiK  with  AiuhiiKsiidor  Steinlinrdt 
and  Aniha.ssador  Wiiiniit,  and  (leiiertd  r.>iites.  in  ('niro  iilxiut  IK-ID  Xovember, 
“ns  )i  prugruni  of  typlius  iniiiiimi%iitinii  for  civil  ]x>]>iiliitioiis  that  would  cost 
such  IV  sinall  |ierc*eiit  of  wlint  we  ]>hiii  to  S|ien<l  for  rehnliilitntion  of  civ'il  popu¬ 
lations  in  foiight-over  areas  as  to  lie  relatively  insigiiilicant,  and  wliirh 
would  •  *  *  reflect  credit  on  the  Anierictiii  jieople."  llenltli  iipencies  of  for¬ 
eign  goveniiiieiiis  accepting  (lie  viictdiie  would,  hy  agreement,  n<‘t  ns  official 
ngenhs  of  tlie  U.S.A.  Typhus  Coiniiiission  and  sii|>ervis(‘  (he  distriliiitioii  locally. 
AnilmAsador  tA’inant  laid  this  plan  iicfore  the  President.  It  was  dis<’ns.se<l  also 
with  tlie  Minister  to  Fgypt,  Mr.  Kirk,  nnd  with  the  President's  physician, 
Adminil  McTntire,  who  was  ex  officio  a  nieinber  of  the  F.S.A.  Typhus  Tom- 
niission.  The.  plan  was  npprovetl  hy  the  President  on  *24-25  Xoveniliei  194:$. 

Shortly  after  the  end  of  the  ('airo  f’wiference,  nmnigenients  weie  made 
hy  Headquarters  of  the  Coininission  in  \Va.shinglon  with  OLLA  nnd  the  Re- 
quirenieuts  nnd  Supply  Hrnnch,  Rtirenu  of  Supplies,  FKA,  to  carry  out  this 
policy.  The  oontrolle<l  free  distrilinlioii  of  tyjihus  vaccine  to  Middle  Fast 
countries  liegan  early  in  Deceitilier  194:$,  and  after  ii  final  sniiply  had  been  given 
to  French  Morocco  nnd  Algeria,  it  was  tenninnted  on  1  August  194.5,  It  is 
estimated  that  appro.xiiniilely  20  inillioii  ml.  of  typhus  vaccine  was  distributed 
under  this  system. 

North  African-Mediterranean  Theater  of  Operations 

After  the  landings  in  French  Morocco  nnd  Algeria  on  7-8  Xovemlier  1942, 
U.S.  Army  troojis  were  engaged,  with  little  respite,  in  major  combat  for  the 
next  1,5  months,  occasionally  in  the  midst  of  the  most  severe  epidemics  of  typhus 
that  had  lieset  the  native  impulatioiis  in  North  Africa  and  Italy  within  the 
previous  10  to  20  years.  Protectevl  hy  vaccination  and  louse  powder  (at  first 
MVIj,  later  DDT),  Aniericiin  troops  fonglit  through  this  environinent  of  jies- 
tilence  with  little  sickness  and  no  deaths  from  typhus.  As  shown  in  table  :$:$, 
during  the  jierioil  from  1942  to  IJH.o,  there  were  only  Ki  cases  of  typhus  nnd 
no  deaths  from  the  disease  among  U,S.  Army  personnel  in  the  North  .\fricnn- 
Mediterranean  Theater  of  Operations.  Tlie  troop  strength  was  2<$<l,n(lrt  in 
flaniiary  194:$,  6,'W,000  in  Octdier  194:$,  and  was  still  alioiil  509,000  in  Deceiiilier 
1944. 

From  the  military  point  of  view,  the  threat  of  tyjihiis  became  alarming 
when  the  Fifth  U.S.  Army  and  other  units  of  the  Allievl  Forces  entered  devas¬ 
tated  Naples,  on  1  October  104.'$,  without  knowing  that  they  were  facing  the 
beginning  of  an  epitlemic  of  ty]ilii(s  among  the  o\  en*row<led,  undenionrislied, 
louse-infested  civilian  population  swelled  by  an  influx  of  refugees.  This  haz¬ 
ard  to  the  military  canipaign  in  sontheni  Italy  was  overcome  promptly  by 
actions  which  lire  generally  regiinletl  as  constituting  one  of  the  great  triumphs 
of  inmlern  preventive  meiliciue. 

Before  the  histoiy*  of  the  Naples  e]iideniic  is  jiresented,  it  will  lie  necessary 
to  summarize  ini|>ortniit  work  done,  and  actions  taken,  in  North  .\frica  and  else- 
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wlipn*  fn>iii  .iNiiiiury  to  ( h'lolirr  This  will  lip  in  atldition  to  the  preceding 

ii>n-<Miiit  Ilf  pvpiils  timl  tiMik  plni'e  in  I  'SAFIMK. 

(hi  12  Jiiiiiniry  iniitnrt  was  iimde  hy  mdiogniin  lietweeu  the  Field 
l|piii|i|inirters  nf  ihe  I  '.S.A.  Typhus  ('iiiiiiiiissinii  at  ( ’niro  nnd  the  Office  nf  the 
Chief  Snrgeini  Ilf  I  lie  r.S.  Aniiy  Fnn-esat  Algiers.  The  ('nniniission  reipiestei] 
til  Im>  kept  iiifiiniHsI  Ilf  the  typhus  siliiiitiiiii  in  the  Xiirth  Africiiii  theater.  It  is 
til  lie  iiiiteil  Mint  nil  offii'ial  luitiKmtioii  concerning  the  Commission,  such  as 
liml  lieeii  sent  iii  the  ('oiiiiiiaiidiiig  (leiierala  of  ETOUSA  and  TJSAFIME,  had 
lieen  i]is|Milclieil  liy  ilie  A\'ar  T)e|iartiiieiit  to  the  Coiiiniaiiding  (leiicral  of  the 
Allieil  Fiin-es  in  North  Africn.  XATOI’.S.V  wns  not  established  until  3  Feb¬ 
ruary  In  the  interim,  cniiinnind  channels  and  i‘ommnnicntion  lietween 

Ameriinn  and  Hritish  jnrisilictinns  were  conipliculed  and  somewhat  uncertain. 

Tlie  I’reventive  Medicine  Division,  Offii-e  of  the  Chief  Surgeon,  North 
.Vfricaii  theater,  ilevelopeil  a  strong  typhus  control  program  independently 
and  chiwe  the  Kis-kefeller  Foundation  Health  Commission  Team,  under  the 
direction  of  Dr.  .S<i|ipr  (]i.  l!Kt),  as  its  colIalNiratiiig  organization.  The  Com- 
niiwioii  was  little,  if  at  all.  needed  in  NATOl’.SA  in  this  period  before  Naples. 
I'ntil  llie  Naples  epidemic  appeared  to  be  getting  out  of  band  in  December, 
tlie  (’iNiiniissiiHi  was  not  called  in  officially. 

(hi  Cl  Feliriiary,  the  Offii-e  of  tlie  (’Iiief  Surgeon,  NATOUS.V,  informed 
the  ('oiiniiissiiHi  at  Cairo  tliat  typhiis  was  reaching  epidemic  proportions  in 
.\lgeria.  In  rrs|Niiise.  inenibers  of  the  Coniniission  made  extensive  surveys  in 
French  .MnriHsu  anil  .VIgeria  and  furnished  useful  information  and  advice, 
riifortniiately,  in  May,  iniit  roversy  nnise  over  tlie  use  of  clieinical  insei't  icides 
ill  plsie  of  steam  disinfestation.  In  one  of  the  survey  re|H>rts,  a  lack  of  con- 
Kdenie  in  MVL  had  laeii  expressed.  This  tiiiicheil  a  sore  s|M>t  and  was  an 
attack  tlie  preventive  ineilicine  |H>lif*y  then  developing  in  favor  of  the  use 
of  insecticiiies  for  tlie  control  of  limly  lice.  Offiiers  who  had  little  or  no  faith 
in  MVI>,  siirli  as  (ieneral  Fox,  (’olonri  I’lotz,  and  Dr.  Dyer,  were  not  then 
ciHiviiHTil  that  it  wihiIiI  he  safe  to  discard  the  old  methoils  aiul  nilopt  the  new 
insecticidal  materials  and  pniceihires.  On  tlie  other  hand,  ('olonel  Stone,  and 
laliers  had  iiwrea-HiiigciMiKileniT  in  tlie  use  nf  insei'iicidal  ( liaisicidal )  ]m\rders. 
Tliis  ililTerein'r  of  o|iiiii(Mi  was  not  settleil  until  tlie  clear-cut  results  obtained 
by  Dr.  Si|ier  and  his  assiM'iaies  liei-aiiie  kiniwii  and  until  the  e.x|M‘rience  at 
Naples  hail  denHaistratecI  th.it  liro  and  an  epidemic  of  typhus  cviiild  be  lironglit 
iiiNler  control  by  ihistiiig  w'th  iiise<*ticidal  isiwders — MVL  or  DDT. 

Tlie  op|Mirt unity  for  Itr.  So|ier’s  work  in  North  Africn  hud  lieen  preiiared 
in  .laiiiiary  1!4.1  by  l>r.  (leorge  K.  Stnsle.  .\rting  Dirwtor  of  the  Internationa] 
Health  Division  of  tlie  Korkefeller  Foundation.  During  his  visit  to  Algeria 
in  tlie  c(Mn|Niny  of  Mr.  Ricliard  .\lleii  of  tlie  .Vmericnii  Red  C.ross,  Dr.  Strode 
niaile  tentative  arrangements  tlinaigli  the  .Viiieriean  Minister,  Mr.  Robert  D. 
Miirfihy.  for  tlie  adniissKHi  of  a  Rockefeller  Foniiihiti’in  Health  Coniniission 
Team  to  cniidiict  stiKlies  imi  lyplnis  anmiig  the  iiiitive  |>0|iulntion.  The  objec¬ 
tive  was  tlie  stiiily  of  tlie  use  of  insecticidal  powders  for  die  control  of  IkmIv 
licr-  and  tyidiiis  fei-er.  Tin*  .\niericaii  Red  Cross  s|Kinsore<l  tlie  stiidies  which 
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liml  received  the  approval  of  the  State  Depurtineiit.  When  Dr.  Soper  was 
detached  from  the  IJ.S.A.  Typhus  Commission  at  Cairo  on  31  May  1943,  lie 
moved  to  Alpriers. 

At  Algiers.  Dr.  Soper  estahlislieil  a  relationship  with  the  Office  of  the  Siir- 
peon,  NATOUSA,  where  Colonel  Stwie  was  the  Chief  Preventive  Medicine 
Officer.  Ill  .Tune  1943,  Dr.  Soper  was  joined  by  three  additional  staff  members 
of  the  Rockefeller  Foundation  Health  Cmnmission  Team.  The  results  of  their 
work  were  reported  currently,  and  in  1945,  the  whole  was  described  in  a  com¬ 
prehensive  scientific  publication.''* 

Durin|i[  the  period  from  June  to  Xoveniber  1943,  tlie  work  of  Dr.  Soper 
and  Ills  as.sociates  included:  “(1)  Intensive  studies  carried  out  at  the  Maison- 
Cariw  Prison  near  Aljjiers  on  the  relative  efficiency  of  factory-prepared  MYTj 
])Owder  and  powders  containing  DDT  jirepiired  with  local  excipients  and  ap¬ 
plies!  by  various  methods;  (2)  the  extensive  livid  application  of  insecticide  to 
the  pfeneral  population  (male  an<l  female)  of  the  town  and  commune  of  L’Arba 
in  Algeria;  and  (3)  a  rapid  field  test  in  a  prisoner-of-war  camp  of  the  new 
factory-prepared  U.S.  Army  10  [lercent  DDT  pyrophyllite  powder.” 

Colonel  Stone  foand  that  the  results  of  this  work  were  so  promising  by  28 
August.  1943  that  he  initiated  a  requisition  for  10  tons  of  10  percent  DDT 
powder. 

The  powders  and  dusting  implements  used  by  Dr.  Soper's  group  were: 
lauise  Powders: 

.Vrmy  MYTj  Insecticidal  Powder,  QM  Item  Xo.  51-1-173. 

DDT,  mixed  and  ground  with  barytes  {bariiiiii  sulfate)  or  cement  dust. 

DDT  Army  Insecticidal  Powder,  10  percent  DDT  in  pyrophyllite. 

QM  Item  No.  ,51-1-180;  Insecticidal  Powder  Delousing. 

Dusters: 

Shaker  tins. 

Agricultural  bellows  dusters. 

Hand  dusters:  Hudson  Cadet -Major,  plunger  type. 

Hudson  Admiral,  No.  705.5  (highly  satisfactory). 

Dobbins  Superbuilts, No.  133  (highly  satisfactory). 

Power  Dusters; 

DeVilbiss  Hand  Power  Sprayer  Outfit  and  Modified  Dust  Guns,  for  use 
with  portable  power  compressor  units. 

'The  most  important  developments  of  the  work  in  North  Africa  were: 
“(1)  The  demonstration,  on  naturally  acquired  infestations,  that  MYL  and 
DDT  are  highly  efficient  pediculicides;  (2)  the  development  of  the  air-blown 
application  of  louse  powder  without  removal  of  the  clothing  from  the  body 
of  the  person  being  deloused;  (3)  the  demonstration  that  lousy  people  will 
take  the  trouble  to  come  to  accessible  delousing  stations  to  get  relief,  and  (4) 
the  development  of  administrative  methods  for  the  rapid  disinsectization  of 
lioth  military  and  civilian  populations.” 


M  Roper.  F.  L..  I>ffi’r1t,  W.  A..  MarkbsM.  P.  8..  BioM.  L.  A.,  and  BadE,  P.t  Loaae  Powder  Stadlee 
In  North  Africa  (IMS).  Arch.  Ivet.  Paatear  d*Alvcrlt  23:  ltS-22S.  September  1945. 
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The  directions  for  the  jwwderinp  technique  drnwn  nj)  by  Dr.  Soper  and 
Itis  associates  on  “2  November  104:1  were  incorporated  in  Circninr  liCtter  No.  4t3, 
Office  of  the  Surj^n,  Headquarters,  NATOUSA,  11  November  1943,  subject: 
Typhus  Fever  Control.  This  was  prepared  by  Colonel  Stone.  The  statement 
of  the  procedure  for  insecticidal  delousing  became  a  sort  of  classical  exposition 
of  a  portion  of  the  prophylactic  toilet  of  the  soldier,  and  also  of  civilians.  A 
summary  of  it  follows. 

Ill  using  the  duster,  powder  should  be  distributed  on  the  inner  surfaces 
of  inner  garments  and  on  the  skin  itself.  Tlie  dusting  of  individuals  should 
follow  a  routine,  as  follows; 

1.  I>ust  inside  of  the  hat,  dust  the  hair,  and  replace  hat  on  head. 

2.  With  arms  extcnde<l  at  shoulder  height  at  the  sides,  insert  delivery  tube 
lip  the  right  and  then  the  left  sleeve,  and  pump  powder  in  between  tlie  skin 
and  inner  garment. 

.1.  Tlie  delivery  tube  is  next  insertwl  iit  the  hack  of  tlie  neck  and  a  liberal 
charge,  of  powder  shot  down  the  hack. 

4.  The  tube  is  ne.xt  inserted  inside  the  clothing  from  in  front  and  powder 
sprayed  first  on  one  side,  then  on  the  chest  and  lastly  on  the  other  side. 

The  tube  is  next  inserted,  after  the  trousers  are  loosened,  inside  the 
innermost  garment  and  a  good  dose  of  jKjwder  deliveretl  to  the  crotch  and  pubic 
area.  With  the  tube  still  in  contact  with  the  skin,  the  underclothing  is  pow- 
deml.  special  attention  being  paid  to  tlie  waist  aiul  side  seams. 

0.  With  the  trousers  still  loose,  the  tube  is  inserted  down  the  rear  of  the 
pants  next  to  the  skin  and  powder  is  shot  down  over  the  buttocks  and  rear  of 
the  crotch. 

The  positions  of  dust  ing  are  shown  in  figure  8. 

Figure  8  is  a  reproduction,  slightly  mo<]ified,  of  a  diagram  drawn  by  Maj. 
(later  Lt.  Col.)  Theodore  E.  Woodward,  MC,  when  he  was  training  typhus 
control  personnel  in  Ijondon  in  1944,  applying  information  gained  in  North 
Africa.  This  diagram  had  an  almost  worldwide  circulation. 

The  epidemic  of  typhus  at  Naples,  1943-44.— While  overrunning  Sicily 
during  July  and  August  1943,  the  Allied  Forces  encountered  typhus,  and 
several  American  soldiers  came  down  with  mild  attacks  of  the  disease.  Ap¬ 
parently.  the  source  of  the  infection  was  in  Algeria  or  Tunisia. 

When  the  Fifth  U.S.  Army  and  associated  personnel  entered  Naples  on  1 
October  1943,  the  existence  of  typhus  there  had  been  indicated  only  by  the 
BBC  broadcast  of  21  September.  There  appeared  to  be  little  to  fear.  Not  a 
single  case  of  typhus  had  been  reported  from  Italy  from  1928  until  this  year. 
The  last  serious  outbreak  before  1928  had  occurred  in  1919.  A  generation  of 
nonimmunes  had  grown  up,  and  this  was  the  main  reason  for  anxiety  in  case 
the  disease  was  introduced  from  some  source  outside  Italy. 

Colonel  Stone,  Chief  Preventive  Medicine  Officer,  NATOUSA,  had  fore¬ 
seen  the  possibility  of  an  outbreak  of  typhus  in  Italy,  and  as  noted  above,  had 
prepared  to  meet  it.  In  the  instance  of  the  outbreak  of  typhus  at  Naples,  he 
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FiGtmE  H.~InNlnietiotuil  Kbcmioic  |kniUI(>iim  for  ii|i|illrHtioii  of  loom*  powder  with 

band'Oimwted  dost  gun  to  Individual  full^  I'luthed. 


found  tlie  U.S.A.  Typlius  Commission  to  be  delinquent  and  criticized  it 
severely." 

Apparently  the  disease  was  introduced  into  tlie  mainland  of  Italy  in  Febru¬ 
ary  when  a  liospital  train  from  the  Itussian  front  brought  to  Fo^ia 

*■  Col.  Wllliniit  8.  Stour.  MC.  l*rrmitlTr  Urdlcinr  OIBcrr.  Hroilquartm.  Sirdlterraaran 

Thrntrr  of  <>|>rnitloOH,  to  Ttir  Siirirron  tirarral.  r.8.  Army.  A*tn:  lirir.  (im.  8.  Haynr-JnMm.  :t0  Juljr 
lD45,tiubirrt :  Typltu*  t'ontrol.  Inclocuret  (3S)  Uiereto. 
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Italian  soldiers  sick  with  typhus  fever.  The  first  cases  in  Naples  were  re¬ 
ported  in  March  1043  in  tlie  military  hospital.  The  first  civilian  case  occurred 
at  Aversa,  8  miles  from  Naples.  Yugoslav  and  other  Balkan  prisoners  of  war 
were  a  major  source  of  Infection  after  they  were  liberated  from  the  Poggioreale 
Prison  in  tiie  industrial  area  of  Naples. 

A  variable  number  of  cases  occurred  from  April  through  October.  When 
a  sharp  rise  took  place  about  7  November,  it  was  realized  that  an  epidemic  was 
in  the  making.  On  4  December  1043,  Radiogram  No.  0634,  from  Headquarters, 
NATOUSA,  to  the  AVar  Departnieiit,  state<l :  “Typhus  fever  is  an  act  mil  threat 
to  military  personnel  in  occupied  Italy  atthi.stime.” 

Although  Colonel  8tone  had  sized  up  the  situation  on  his  first  visit  to 
Naples  early  in  October  1043  and  had  regarded  an  epidemic  of  typhus  as  a 
probability,  higher  American  and  British  authorities  in  AFHQ  were  not  con¬ 
vinced  that  the  danger  was  serious  during  October  and  the  first  half  of  No¬ 
vember.  AMGOT  (Allied  Military  Government  of  Occupied  Territory)  and 
its  related  Allied  Control  Commission  with  a  Public  Health  Subcommission 
were  not  greatly  concerned  at  this  time. 

Early  in  December,  n.s,si.stiince  pi-otfered  by  the  r.S.A.  Typhus  Commis¬ 
sion  was  declined,  and  on  0  December,  the  Chief  Surgeon,  NATOUSA,  in  radio 
message  AMSME  1664  to  the  Field  Director  of  the  U.S.A.  Typhus  Commis¬ 
sion  at  Cairo,  who  was  about  to  go  to  Naples,  stated :  “Forty-nine  civilian  cases 
of  typhus  have  occurred  during  November  in  the  Naples  area,  but  actually  the 
typhus  situation  is  not  critical  in  Italy.” 

Meanwhile,  other  significant  events  occurred,  among  which  were: 

1.  The  surrender  of  Italy. — Mussolini  resigned  on  25  July  1943,  and  the 
Italian  Government  surrendered  on  8  September.  Thereafter,  the  contest 
was  witli  the  German  Army  under  Field  Marshal  Alliert  Kesselriiig — a  bitter 
fight  lasting  until  5  May  1945.  The  Fifth  U.S.  Army  was  faced  by  a  tough 
enemy  who  at  Naples  added  soil  for  typhus  by  herding  together  there  thou¬ 
sands  of  natives  and  refugees. 

2.  Acrelemtion  of  DDT  produrtlon  in  the  United  Staten. — For  a  detailed 
arcount  of  the  problems  and  accoiiiplisliments  in  tlie  production  of  DDT  in  the 
United  States,  the  reader  is  referred  to  Colonel  Hardenbergh’s  chapter  on 
insect  and  rodent  control.”  With  a  DDT  Committee  centered  in  the  Preventive 
Medicine  Service,  under  the  chairmanship  of  Colonel  Lundeberg,  The  Surgeon 
General  pressed  vigorously  for  the  creation  and  expansion  of  manufacturing 
facilities  for  the  production  of  DDT.  Tlie  American  and  British  demands  for 
it  were  enormous  for  the  control  of  malaria  and  typhus,  and  for  many  other 
purposes.  Although  production  amounted  to  40,000  pounds  per  month  in 
Seiitember  1943  and  was  expected  to  reach  116,000  pounds  per  month  by  No¬ 
vember,  requirements  greatly  exceeded  supply. 

DDT  was  in  such  short  supply  in  the  early  fall  of  1943  that  the  War 
Department  disapproved  the  urgent  requisitions  for  it  that  had  been  placed 
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by  Colonel  Stone  through  Headquarters,  XATOUSA.  On  1  December,  how¬ 
ever,  this  point  of  view  was  changed  by  the  intermediation  of  the  Director  of 
the  U.S.A.  Typhus  Commission  and  by  subsequent  messages  to  The  Quarter¬ 
master  General  from  Maj.  Gen.  Brehon  B.  Smnervell  and  General  Lutes  from 
Cairo,  about  5  December.  A  large  supply  of  pure  DDT  and  10  percent  DDT 
in  pyrophyllite  powder  in  10-pound  cans  was  moved  by  fast  ship  and  airplane 
to  Naples  late  in  December.  After  its  arrival  there,  about  26  December,  it 
supplanted  MYL  which  had  been  used  for  dusting  up  to  that  time,  with 
occasional  use  of  small  amounts  of  DDT. 

3.  London,  and  British  Typhus  Commission. — The  Director  of  the  U.SA. 
Typhus  Commission  was  in  London,  England,  from  9  to  19  November  1943, 
conferring  with  British  medical  officers  and  civilians  concerned  with  typhus 
control.  Together  with  the  Field  Director  (General  Fox)  and  Major  Snyder, 
the  Director  (('olonel  Bayne-Jones)  attended  a  meeting  of  the  newly  formed 
British  Typhus  Commission.  As  a  consequence  of  incorrect  inferences  drawn 
by  a  member  of  the  British  Supply  Mission  in  AVasliington,  a  plan  had  been 
developed  by  the  British  Ministry  of  Supply  for  the  combination  of  the 
British  Typhus  Commission  with  the  U.S.A.  Typhus  Commission  to  form  a 
Joint  Typhus  Commission  “on  a  high  level.”  As  neither  Commission  demred 
such  an  arrangement,  the  suggesticm  was  not  adopted.  Relations  between  the 
two  Commissions  were  cordial  and  mutually  helpful. 

4.  Conference  at  Algiers. — On  20  November  1943,  General  Fox  and  Major 
Snyder  conferre<l  with  Colonel  Stone  and  Col.  Perrin  R.  T/>ng,  M('.  and 
others,  at  the  Office  of  the  Surgeon,  IIead«ninilers.  X.VTOCS.V,  at  Algiers. 
There  are  contradictory  reports  of  what  transpired  at  this  conference.  Ap¬ 
parently,  the  NATOUSA  medical  officers  presented  information  aiwut  the 
typhus  situation  in  Italy  and  the  steps  being  taken  to  cope  with  it.  These 
were  said  to  have  been  “approved.”  Apparently,  the  U.S.A.  Typhus  Com¬ 
mission  was  not  requested  to  move  into  the  theater  and  did  not  offer  to  do  so. 

5.  The  Cairo  Conference. — The  developments  with  respect  to  the  control 
of  typhus  in  the  Middle  East  which  occurred  at  the  first  Cairo  Conference 
from  22  to  26  November  1943  have  been  summarized.  One  aspect  calls  for 
additional  emphasis.  The  President  of  the  United  States  became  directly  in¬ 
terested  in  typhus,  and  the  presence  there  of  the  Conunanding  Cbneral,  ASF, 
and  his  Assistant  Chief  of  Staff  for  Operations  brought  a  portion  of  the  high 
command  of  the  War  Department  into  c<mtact  with  the  situation  and  problems 
of  a  developing  epidemic  that  was  a  threat  to  military  operations.  Their 
understanding  of  the  extraordinary  measures  required  to  combat  the  outbreak 
was  thereby  enlarged. 

The  next  important  move  for  the  control  of  typhus  in  southern  Italy  was 
the  transfer  of  the  Rockefeller  Foundation  Health  Commission  Team  from 
Algiers  to  Naples.  This  was  done  on  the  recommendation  of  Colonel  Stone. 
Dts.  Soper  and  Davis  arrived  in  Naples  on  8  December  1943 ;  Drs.  Markham 

of  Conffreoce.  Ofllee  of  tbe  Qmrtpraootop  OpbotoI,  Wotblaftoa,  D.C.«  1  Pee.  194S, 
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and  lii«lii  artwetl  on  10  and  IT,  liewndHT,  w-riHcvtively.  Tlw  gmip  wus  at- 
tasdiSi  to  the  SCTStti  RejrimeiH,  Public  I.lealth  and  Welfat*®  I>iv!sion,  Allied 
Cktntrol  C«nimtS!>twi,  Kegion  III.  ■!: 

-  t'ontfitiOns  in  Naples  were  faYorable  To  tlie  devekspment  of  an  epitlKiiic 
of  introduced  from  the  outSfde  into  the.  noninuniine  iwpulatloit.  It 

wa&  estimated  that  the  population  of  tlte  eitr  lu  IJeceitilier  ISMil  wa«  l.»etw’e«i 
7^,(Hf0  Btiii  I  million.  In  addition^  there  wme!  hundmla  of  AlUni  iaddiets. 
tr«rt.uoiinf  Italians,  and  refugees.  'Living' conditions'  were  unsantfary.  •"Foet.l 
wmstaireoandihe  people  were  .niidemoitrished,.  Water,  soap, -elwUrieity,  fuel, 
and  trei«8i»rtation  irer#  all  kokiiig.  The  Jitsople  were  fris^uejatid,  cimfnsed, 
md  witlioMt  leadcre.  'HJe  njty  was  {airtly  in  ruWde  from  botuhings.  People 
crowded  not  only  in  t’hp  kJ  iU-standiug  innltistoriwl  dwentti(ip<  inn  esfwcially  in 
th«  air  raid  slielters  oalSwl  ^‘ricovert”-  -large  lindergrontid  diftmbers  wdiieh 
were  iMwtty  old  thfn  quarries  (fig.  &)  ami  in  tunnels  such  a»  the  ‘•Tuiraei  of 
llielhh  of  May;’*  KeaiTy  all  t  jiese  {leople.  were  lousy,  ami  irmny  had  typlMis* 
whieh  was  transmitted  to  their  comjuanifHis  ill  distresfir'^ 

After  a  conference  between  (leneiitl  Lut^s  and  Oeueral  Fox  in  Cairo, 
Vrt|or  -Snyder  and  Cotumaiuler  I'emnans  tjf  the  P'ield  Headquarters  of  the 
C.SJI..  Typhus  Commission  were  sent  to  Naples  as  elinieal  and  laiioratofj' 
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consultants  on  5  December.  After  remaining  there  about  a  week,  tliey  returned 
to  Cairo  and  reported  that  a  serious  epidemic  was  in  tlie  making  and  that 
further  assistance  from  them  was  not  desired  by  tlie  Public  Health  Officer 
(British)  of  AMGOT,  Region  III,  15th  Army  Group. 

The  epidemic  increas^  gradually  during  November,  rose  sharply  during 
December,  and  began  to  decline  rapidly  at  about  tbe  end  of  the  year.  The 
recorded  cases  of  typhus  in  Naples  and  its  vicinity  from  July  1943  through 
May  1944  numbered  2,009.  Of  these,  1,403  among  civilians  in  Naples  and  500 
among  civilians  outside  of  Naples,  making  a  total  of  1,903,  constitute  the  basic 
figures  of  the  epidemic.  These  together  with  certain  additional  cases  are 
classified  in  table  35. 


Table  3S. — Caut  of  and  dtaikt  due  lo  lyphu*,  hy  elastijtealion,  in  KapUt  and  vieinity,  July 

tmS  through  May  1944 


ClAJliflCitkM 

Number 
of  cum 

Number 
of  d^h» 

CeM  futoUty 

ratio 

(permit) 

Civilian  casea  in  Napira .  . 

Civilian  eaaea  outside  NapW . . 

1.403 
500 
23 
37 
46  1 

318 

82 

3 

II 

,5 

22.7 
16.4 
13.0 

29.7 
32.6 

Total . 

2,009 

429 

1 

21.4 

Statistics  of  the  distribution  of  typhus  cases  among  civilians  in  Naples  and 
vicinity  by  weeks,  from  July  1943  through  May  1944,  are  presented  in  table  39. 
The  course  of  the  epidemic  is  shown  in  chart  11. 

As  will  be  seen  by  inspection  of  table  36,  the  number  of  cases  recorded  by 
“onset-date”  are  different  from  the  numbers  as  reported  in  the  same  weeks. 
Soper,  Davis,  Markham,  and  Riehl,**  from  whose  publicatim  these  data  have 
been  copied,  presented  the  figures  both  by  onset  and  by  report.  For  their  graph 
of  the  epidemic,  however,  and  for  a  number  of  important  correlations  and  con¬ 
clusions,  they  used  the  data  of  “onsetKiate.”  The  date  of  onset  used  by  them 
was  about  8  days  earlier  than  the  report  of  the  case.  The  effect  of  this  is  to 
change  the  shape  of  the  epidemic  curve  and  to  set  the  main  points  <m  it  back 
about  8  days.  They  used  the  onset  data  also  for  computation  of  “epidemic 
potential,”  which  they  define  as  the  period  of  infectiousnees  of  a  typhus  patient. 
They  state: 

In  view  of  tbe  Intermediate  character  of  the  period  of  potential  tranamlaaloa.  It  was 
neceegary  to  make  an  arbitrary  aKomptlon  regarding  Ita  length,  and  It  waa  decided  to 
dedne  this  period  aa  one  of  18  days  following  oneet  onleea  In  the  meantime  tbe  patient 
had  died,  or  had  been  diuted  or  iaolated. 


**8o|wr,  F.  L..  Dirlii.  W.  A„  Mffirklua.  F.  8..  and  Rl^hl.  la.  A ;  Tophus  F#T#r  lo  Italy.  1848-45. 
tad  Ita  Coatrol  With  laouae  Powd«r.  Am.  J.  Hyg.  45:  805-3.14,  May  1847. 
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Chart  11. — Coyrtc  of  the  cpiilcmic  of  typhoi  te  Xaplet  and  ricinitp  from  Jnlp  19^S  to  Map 
1944,  mtnt  the  nombert  of  eatc*  reported  per  leeek 


ivcv  tc^r.  vcT.  MOV.  vtc.  JA«.  rt9.  »fta.  hav 


Admitting  that  there  are  uncertainties  introduced  by  these  arbitrary  as¬ 
sumptions,  data  based  on  onset -date  are  useful  for  retrospective  analysis.  They 
are  of  little  use,  however,  for  day-to-day  dec  isions.  Actions  must  be  based  upon 
reports  in  the  first  instance.  In  a  situation  as  dangerous  as  the  one  at  Naples, 
moves  to  counter  the  spread  of  an  epidemic  cannot  wait  upon  the  slow  gathering 
of  historical  details.  Actually,  actions  taken  for  the  control  of  typhus  at  Naples 
were  based  upon  current  reports  of  cases.  ‘'The  median  date  of  onset  for  1,403 
cases  in  Naples  was  December  29th  and  that  of  reporting  January  6th,  giving 
an  average  lag  of  about  8  days.  Accordh^  to  the  two  systems,  these  were  the 
dates  of  the  peaks. 

The  epidemic  phase  was  over  by  5-8  February  1944. 

The  disease  had  all  the  features  of  classical  exanthematic  typhus,  from 
petechial  rash  to  gangrene.  The  strains  of  organisms  isolated  from  the  blood 
of  patients  were  identified  as  prtwMeki.  The  Weil-Felix  reactitms  with 
Protem  OX-10  were  positive  in  titers  of  1-200  or  above,  and  specific  agglu¬ 
tination  reactions  with  suspensions  of  R.  prowapeki  were  obtained.  The  over¬ 
all  case  fatality  rate  among  civilians  in  Naples  was  22.6  percent.  Mortality 
was  related  to  age  in  the  usual  manner.  I^ess  than  5  percent  of  those  under 
12,  and  over  40  percent  of  those  over  40  years  of  age,  died.  Although  louse- 
borne  typhus  is  essentially  a  contact  disease,  only  1,089  of  the  1,903  patients 
came  from  liouseliolds  having  more  than  one  case.  This  was  attributed  to  the 
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Table  ■'<6. — Ditlribulion  of  typhui  cases  amonf  cirUians  in  Xaplcs  and  tiieinily,  by  weeks, 

July  im.t  Arough  .May  IHH 


Wwk  «ndiiiit— 

Naples 

OuUlde  N»i^ 

Total 

Oiwpt 

lUportMl 

Oiurt 

Re]toru4l 

OlMWl 

R«pnrt<Hl 

194s 

Julv  4  . . 

0 

0 

0 

0 

0 

0 

11  . .  .. 

1 

0 

0 

0 

1 

0 

18 . 

2 

0 

0 

0 

2 

0 

25 . 

1 

3 

1 

0 

2 

3 

Aug.  1  . 

0 

1 

0 

1 

0 

2 

8  . 

2 

0 

0 

0 

4 

0 

15  . . 

3 

2 

1 

1 

4 

3 

22  . . . . 

1 

3 

0 

2 

1 

5 

211  _  . 

4 

1 

0 

0 

4 

1 

Sopt,  5 

5 

3 

0 

0 

5 

3 

12  . 

0 

8 

1 

0 

7 

8 

Ill  . . 

8 

4 

1 

0 

9 

4 

26  . . 

11 

7 

0 

2 

11 

9 

Oct.  3  . . 

8 

11 

1 

0 

9 

11 

10  .  . 

3 

8 

0 

1 

3 

9 

17  _  .. 

8 

3 

2 

0 

10 

3 

24  ..  . . 

6 

6 

1 

2 

' 

8 

31  . . . 

6 

0 

1 

1 

7 

Nov.  7  . . . 

9 

5 

2 

0 

11 

5 

14  _ 

12 

5 

3 

.> 

15 

4 

21  _ _  _ 

32 

12 

5 

3 

37 

15 

28  . . 

46 

26 

6 

3 

52 

29 

Doc.  5  . 

40 

42 

11 

7 

51 

49 

12  ..  . .  . 

64 

42 

7 

9 

71 

51 

Ill 

1211 

48 

8 

11 

137 

59 

20  .  . .  . 

224 

115 

21 

4 

245 

119 

tm 

Jan.  2  . . . 

199 

18 

11 

207 

210 

» . . . 

137 

237 

23 

24 

160 

261 

16.  . . . 

143 

153 

35 

18 

178 

171 

23  . . 

117 

116 

57 

25 

174 

141 

30  ..  .  . 

64 

1:10 

31 

63 

96 

193 

Feb.  6  . . 

4.3 

75 

37 

32 

80 

107 

13  .  . . 

33 

:i8 

35 

34 

68 

72 

20  . 

16 

38 

28 

37 

44 

75 

27  . .  .. 

9 

20 

20 

24 

35 

44 

Mar.  5  .  .  .  _ 

10 

12 

38 

22 

48 

.34 

12  . .  . 

5 

9 

17 

42 

22 

51 

19  . . 

1 

3 

17 

32 

18 

35 

3 

2 

13 

18 

16 

20 

Apr.  2 .  _ 

3 

16 

21 

20 

24 

9  ..  _ 

2 

4 

9 

2 

11 

6 

16 . 

0 

» 

10 

21 

10 

22 

23  .  . .  . . 

'  1 

1  " 

10 

3 

11 

1  3 

30  . . . . 

0 

2 

4 

5 

4 

1  7 
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Table  36. — Di$iribiUicn  oj  typhui  ca»ei  aniong  cirtHant  in  Naplrg  and  ncinity,  by  tp^ekSf 
July  194^  through  \fay  W4A — Continu^'d 


We«k  ending*- 

1 

Nepln 

OulKlrlr 

1  TnUI 

Onsrt  1 
1  ' 

1  Krported  | 

Oiwt 

Rrporird 

Onnrt 

Rr|<ortr<l 

Miiv  7 . 

i 

() 

i 

0 

1 

1  \ 

11 

i 

U . 

0 

0 

0 

3 

0  1 

3 

1  0 

0 

1 

0 

1 

0 

as  . .  _ 

0 

0 

!  0 

3 

0 

3 

Total . 

1,403 

1.403 

!  500 

1 

500 

1,003 

1.003 

breakup  and  scattering  of  families,  to  failures  in  reporting,  and  to  the  possi¬ 
bility  that  the  application  of  louse  powder  to  persons  in  the  incubation  period 
may  have  prevented  the  spread  of  the  disease  within  the  family.  Chemo¬ 
therapeutic  studies  by  the  British  Tophus  Team  under  Col.  C.  H.  Stuart- 
Harris,  R.A3f.C.,  and  Maj.  M.  van  den  Ende,  R.A.M.C.,  led  to  the  opinion 
that  neither  benzamine  drugs  (V-147  and  V-186)  nor  PABA  were  of  any 
value  in  the  treatment  of  typhus. 

At  the  start  of  the  epidemic  in  October  1943  and  well  into  December,  the 
guiding  and  controlling  medical  authority  with  respect  to  typhus  in  relation 
to  (J.S.  Army  troops  in  Naples  and  southern  Italy  was  the  OfBce  of  the  Chief 
Surgeon,  Headquarters,  NATOUSA,  where  Colonel  Stone  was  Chief  Preven¬ 
tive  Medicine  Officer.  The  activities  of  his  office  were  coordinated  with  those 
of  AFHQ  regarding  medical,  public  health,  and  civil  affairs,  with  AMGOT, 
and  with  the  Allied  Control  Commission. 

The  Rockefeller  Foundation  Health  Commission  Team,  transferred  from 
Algiers  to  Naples  on  8-15  December,  attempted  at  once  to  institute  measures  for 
the  control  of  the  epidemic.  This  team  initiated  a  program  for  typhus  con¬ 
trol  based  upon  older  principles  modified  by  the  team’s  own  development  of 
the  use  of  louse  powder  and  procedures  devised  in  North  Africa.  It  was  able 
to  start  contact  delousing  with  MYL,  and  some  DDT,  louse  powders  on  15 
December  1943.  It  might  have  been  foreseen,  however,  that  a  civilian  group 
could  not  functi<Mi  effectively  in  an  active  aone  of  military  combat.  Insur¬ 
mountable  and  frustrating  administrative  and  logistic  difficulties  occurred. 

An  example  of  hand-operated  dusting  with  louse  powder  is  shown  in 
figure  10. 

On  20  December  1943,  when  General  Fox,  Field  Director  of  the  U.S.A. 
Typhus  Commission  arrived  in  Naples  in  response  to  an  invitation,  an  im¬ 
portant  conference  was  held  with  General  Hughes,  the  British  Deputy  Com¬ 
mander  of  NATOTTSA,  Maj.  Gen.  Arthur  W.  Pence,  ctunmanding  the 
Peninsular  Base  Section,  Colonel  Stone,  and  others.  Out  of  this  came  the 
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IwwJ  nixinrtw  'SBw 


iW  Way  »k  jtlniv  ifr 

imiSiftm  lif-vtorja*  »f  %«»<- 

wurl',  itnii’  fwjli'f  Aww^v-anii-s  »«' jrmiijv 
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On 9,T«nuaif  1944, tJ.S. Nayy  Epiclmiolc^ Unit Ko. 23  {O.  H.  M.  GezPii, 
M(1,  USSE,  coBimanditiii)  arrived  at  Kaplcss  and  iMirticipated  in  the  worktjf 
typhus  control  antit  7  February  1944.«* 

The  Allied  armies  in  Italy  formed  a  Typhus  Control  Boanl  on  11  Jait" 
liary  1944,  h«t  it  esertod  little  of  fto  influence,  WitWn  less  than  s  month,  dar¬ 
ing  the  period  S-9  February  1944,  the  epidemic  was  judged  to  lie  under  control, 
and  on  ®  Febcwiiry,  the  Allied  Control  Corntnission  took  over  typhus  coutrol 
'wrk  among  the  civil  j»opidation  of  Italy,®'  and  the  UJS.A.  Typhus  Coinmis- 
Bion  witlKliew,  In  connection  with  this,  Brigadier  (Jalloway  wrote : 

l.  The  WfOKinSWItty  .t«r  the  (iraaninition  of  oirninn  antlryiihim  nimmimt  la  Italy, 

iijBKtT  n«n«*likM  t»y  tiie  tI.8.A.  Typh'is  Coanuiedloa.  w#m  asunased  by  the  Director 
<>t  t'nWle  Health  Sab-Comwleelon,  AlltMt  t’ontrol  t3omn)tt<til<jn,  at  SStTitt  hoart,  1»  Frtim- 
aty  JHt4 

a.  H  ist  ileelrei  l«  nlaee  ««  fwortl  the  Invataabb*  wtjrk  earrlrt  ont  by  the  P.S,A, 
Typlmn  <‘>nm»rti*fn«w  nnUer  the  eontro!  of  Brlft.  Oen.  icon  A.  Pox.  anti  ilirK'tH!  by  Oi»t 
Hurry  A.  lUehop  As  «  rwalt  «{  the  enerisette  nie«*»re»  pat  Into  otierfttloB,  tine  Bimiher 
f>r  ttiinlnisSied  ana  the  et»ldetor!c  waa  bwniinit  amler  eoBtrol.  'Hw  a4tl« 

nuii  awsrtasM'ff  airt-tt  by  the  t3oinml*teB-  was  a  most  tiaportaat  factor  lB,  brtaifte|f  alwat 
iso  fh'e-Hve  fcjwi  tiar«»er>f<'!w  cwntlteattoB  of  aitUtary  and  civil  preventive  laeaMiifw. 

Control  6*«iwarea» — ^The  control  measures  which  so  promptly  saMned, 
t  Irt  epidemic  -of  typhus  in  Naples  were  numerous  "and  varied,  .frontal  and  flank- 
jug.  They  w'ere..hot.-all  -of  equal  importance,  'but-  each  contfIbBted  wmtitilifig 
to  tl**' success.  The* iiw**s»*^  *n®y  as  follows: 

■  3 .  rsMc  Hilling,  isoklion,  and  removal  .of  patients  to  hospitals. " 

;  ^  2.  Uelouving  with  Jou»  powders : 

a.  Contact '  delousingi"- 
..^1'-^  b.  Block  delousing. 

'.V  "V.  o.  Air-iitid  rfielter  deltnising.' 

d.  Institutional  deloiising. 

;  e.  Aiilitftry.'aihl-.  inilitsryiabordelousing.  ■  • 
f,  BefugeedeloHsIng...  ' 

V  '.'. g.  MsiS'delousingi  ■ 

а.  Immnnisation  with  typhus  vaccine. 

4.  Training  of  pei^mi^l  ^nr  typhus  control. 

5.  Publicity  and  educaticm. 

б.  “Flying  Stpiatlron*  to  dm!  wdli  cases  and  situations  in  outlying  districts 

or  villages. 

Of  these  control  measures,  the  two  that  were  of  greatest  importance  at 
Napke  were  case  .foljbwed  by  isolatimi  of  pati«*rta  in  hospitals,  and 


»  ae|K!rt.  U.  B  U  ««»»,  WC,  t?«m  Comnnndtna  US.  Savy  E|<M*»»o»a«y  !>■«  ?f«.  2A  fcr 
CWpC,  Biir*,,;  Kt  U«ill,Bae  asiw«V,  t/,S.  Ssvy,  vt«  CowmaBder.  IIA.  Uavsl  Pere*,  SorehwMt 
AtrlOH)  Wuvrf.  27  V»j.  1»M,  Typhiw  Pwer  UiilUeaiv.  ItBly- 1948-44, 

».*  Col  WItaOB  C,  WWtowo,  VC,  to  tb»  mstowil  PuMle  Bwlt#  Oil«*r,  BrsUoB  l«. 
AHtoA  CwMel  C.ibioIwIpb,  tfsplisi,  Italy,  t  Jane  194A  vnbjwt:  Tyebu*  Vrm  in  Nnrto*  nail  Oeenplerf 
Itop.  - 

nogadtoT  ttolloiriiy,  n,n.jU,8„  A!8«d  Hrad<i««rt<>ni.  Adntse*  AdMnbrttctlv* 

ftltV.,  Jo  &/C,A,0„  Aimd  Pete*  Bnadqmrtor*,  AAtoim*  Adtui«i«br*tir{'  Bebeln*,  21  Vvl!. 


1944.  ««b|oct.4  Vypbtto, 


^  •—  "-*’^1  •  ■■*  --'  ■  •■  •*;. 

I’oiUnft  4*»!tMWJ5js,  !»y  n-ti.M'h  nisirj'ajre  «>f  loiw  mt# ^s.-n 

’  ,’  .  «f  infecliwi.  . "  '  ■ 

'  tlpk^ising  Kiift  m)({»ri«ay  Ity  aitntit  ^  ife*- 

t «•«■»>  31  iXH-enilipr  ISIS  «iui  .31  May  lUW,  a  t<ilal  at  3.313, T3C  persons  (many 
,  wkfflta  meiy  i»i»aters)  hlid  tlwu  willi  ((nis*!  iwrlfcjf  «t  alMnil;  40  <Uwi  > 

injt  'siartlwBs^'wr  Hniifes;"  'yiie  »*wiJysm  by-'S^r  :nnd-|jig  ttS6««t«^  sSwwts  ihtt. 
;  '  rtie  the  jeipd^wk*  Mtl  iiist  nlmM'  #i«ar  nniiw'  ttelwisnip 

jwlpiwnt  attplbules  t«  «w08Pt  dehnwitiglitMi  bto^^ 
inaiii  f»  Itie  epithonk'.  Tlie  itetotisinj;  was  liy  tlie  «p» 

pik-afinn  .rf  kniae  jK>wtte»^jfi»sr  MYI^  andykiU'r  .^1X1',  witfcl'wnd  dH#t. 
i  Wowm)  u^tlKiik  reinorkj  «f  flrttliinij.  ,  At  Kaptes,  iimsis  ifeSmskijr  was  ik«» 
.-^..  .  a-ith  hand  iliistersi  l.ater  tn  JlMl,  jiowep- dusters  liewiiiie  availalde^  one  type 
of  vrhif}»  w shown  In  fkntre«!l  aH.d  l:i,  " 


K«<i «r,  u.  ttawahw^aKtiifr-dfivea  inultl|>tf  n{»iai<At>a'  ftir  dnstiaa  i-aaiml  iMKrtOiutls  »»ith 

i,-  ,  '  '■  ■*■■  .-  .lonse  {towder. 


JttHnuniiuitkHt  with  typhus  vtuvnie  was  of  little -'’en^ttpiK'e  ip  the  tUreet 
(VHitrui  of  the  epi(le«>k‘.  liwIiMwily,  it  Was  of  vaiiie  in  prcHet'tia^  espert  per* 
a(tnne!tri>oyn>re  ««fu4aiitty#tqaiisedlo  idfortkai.  '  .  . ,  S 

sp«<‘e.twiplw..-t>k  tavtipfed  Igr  taifin 

pls^  rt<ki^a>rtv  a!id  |wr^iik|«  AVhiie  the  ika  isatitdete,  tlity'  are 

loll  of  dtdaiis.  Tlw  cited  of  X'oSonel  Bteltup  ami  ('ohoiel  IVirfiams 

are  tl»a  bwt'  twyres  Of  Kiadt  l^stic  inforaati^,*®  A'  few  of  tl»-ree«i«l*  are 
aummisin/ed  Jhere,  aa  fotJows;  -  -  ,  , 

i:  Cdtitrfd  mttkats,  «r  Mstwit^  tistsslfy  ••<«isi»ted  of  1  to  S  oihretst  ai>d  ti 
t'>40e(r}liat)«,  ■  .  ,  ..  .- 


}£.  ■'  (jrlviai  (tasti-r  Hi 


i,  .1*  fKi*  irf  rtiip  fH  NttfiW  ami  tlj«*  gnwp  nwKlfr 

»f«*>  |\S,A.  t nl:,  .  ' 

}'i  1  ,S.  ifit-lntlii!}^  0  it«1wrt.*i>««iikiug 


#»  si»  foiili.  Isj-  tlw*  Fifth  IjtS,  Af’in.V  anti 

JliHiy  ary  »n4'‘S€W»  d«<roc?tn*pyT  haip-  t^s 

with' tv|*lnw'»tiS'ft|*t««7iH  _1W8«44. .  CJh- 
Ihi*  wi'til  j-tW'Sit.'wwnpljvtitj.iiwrt  vm  Iw^ 

rft-ml  rr#»tit  .th  %tl  *wl,jtKllvMi»li<  ihst-  ’in  tl« 

fr(«n  |niW«riitsn»fi  nf  Hritish'  wl|  4f?s|>i'es# 

s!w‘  in  ,i‘.Kih,  <*«t  II.  IX  R.A.MX'., 
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W'lio  wiiH  tlip  Piililic  lIcMitli  Ofltt-pr,  Allietl  ('tnitixil  ('»iiiiiiissioii.  wrote:  "" 

Tlx*  Hi;lit  aenliiMl  'he  4*|ibl<*uil<*  htix  Im*<>ii  imIIimI  iIii>  m-iMiil  buttle  itf  Nhi>Ii>h,  iiiitl  nii- 
doiililetlly,  luid  It  not  li«>eii  wnii,  tlio  Atllml  nuiy  well  liiive  Iteeii  HerlmiHly  eiulHiiKereil. 

Trili'.itt*  niiiHt  lie  iialil  to  all  who  tiMik  |«irl  in  tin*  ImttU* — the  iiieiiiiNTM  of  llx*  I'.S.A.  Ty|ih>iH 
CoiiiiiiIhhIini.  the  Itorkefeller  Koniulatioii  workerM.  A.M.ti.  iiiul  Hrltlxh  iiiiil  Anierleiin  Me\l- 
li-ol  ServiitK  ixTHoiinei,  all  of  whom  worked  lintlriiiKly  In  full  eu<i|H>rutloii  anil  Imniiony. 

Tlip  former  Him  tor  of  the  V.S.A.  Tyiihiis  ('otiniitSKion,  iiiitlior  of  this 
<*liii|)ter,  sntlly  wishes  thiit  the  ktiitl  estiiiinte  of  (Ailoiiel  (’halke  with  re^iird 
to  hiiriiMiiiioiis  eolhilMinitiiiii  hiiil  lieeii  true  for  the  Aiiierieiiii  units  nnd  ]ier- 
stHiiilities.  Aetiielly,  he  has  rarely  lieeii  iiiv»lve<1  in  n  more  tronhlesome  and 
neriiiniiiions  eiintnwersy  than  the  one  that  nnisi*  over  disputes  coniTriiiiifr  who 
did  what  and  when  in  the  eoiintemttuek  nil  typhus  at  Naples.  Tliis  reiiriiml 
siirh  a  pitrh  that  the  Hritish  lieennie  involved  in  it.  Kiiffjrestiiiff  that  it  mipht 
lie  atlvisalile  t«i  attempt  to  reaeh  an  “iiiteniiitiniial  settlenient*'  of  the  ipiestinns. 
To  this  end,  on  ti  January  1044,  the  Pireelor  nf  the  Typhus  ("oin- 

niission  ohtaiiietl  np|>rovnl  for  the  estiihlishnient  in  the  Offiee  of  the  Chief, 
('ivil  .Vffiiirs  Division,  War  Depnrtinenf  .'4|)e<‘inl  Staff,  of  an  nd  hoe  Coinniittee 
on  'Pyphiis  Coiitnd  lleport.*’ 

It  was  ho|)ed  tliiit  nmtters  in  dispute  mijrht  lie  ndjiHrnufeil  by  sneh  ii 
eoniniittee,  with  n  view  to  the  is.snalire  of  a  joint  Anierieiin  and  British  re|M>rt. 
Tlie  eiisnini;  conferences  and  correspomlence  liecame  ipiite  as  involved  as  one 
initfht  have  expe<'ted  from  exiierience  with  any  attempt  to  harniniiize  interna¬ 
tional  differences  that  were  iiitensiticsl  hy  intranationnl  disagreements,  lly  tlie 
end  <if  ,Jnniiai'y  li)40,  it  was  renlize<l  that  the  atteniiH  was  futile,  and  the 
matter  of  a  .foint  Naples  Typhus  Keport  was  dropped. 

Of  the  significance  of  the  experience  at  Naples,  Colonel  Chalke  wrote : 

Naiiles  tauKht  us  that  an  army  ran  live  and  work  in  an  xvpnTiiwdrd.  war-tlaiiiaRed, 
typliiiM-rldden  city,  iimvlded  adeqimte  iirrranttvns  are  taken  *  *  *.  It  showed  us  the 
ta*nents  nf  niechauh'al  mel  hmls  of  nslnx  Inxei’tirldex  on  fully  i-lnthed  HUbJectn,  and  enabletl 
the  riinihemome  steam  and  hut  air  tllslnfesturs  which  took  U|i  mo  ranch  tmnaimrt,  to  be 
dlancnsed  with.  It  also  showed  beyomi  <im*stiun  that  IiPT  waa  a  new  weaisin  of  trenien- 
ilous  iHMalbllltlea. 

In  his  forewortl  to  a  re|M>rt  of  the  Allietl  ('ontrol  (’omniisston  for  Italy 
ill  11)45,  Brig.  G.  S.  I'arkinstni,  K.A.M.C.,  Director,  Public  Health  Section, 
wrote: 

The  oHirluslouM  to  be  drawn  from  the  **ez|ierliuent’'  |at  Naidea]  are  rlearcut  and  Ines- 
caiiaMe.  It  la  now  punallile  to  I'ontrol  e|ildemh-  lyiihiis  even  In  a  laree  densely  |s>|ailuted 
nnd  heavily  Infested  urban  comraanlly  under  warltnie  condllloiui. 


'‘Clmtlie.  II.  n. :  lll>T.  Kxprrtrnn's  «f  lu  I'se  Ihirtss  Ihr  IMIlin  CaniwlKn.  I*rt>e.  Rojr.  S«e. 
Mr<1.3U:  ISS-IIIS.134II. 

etll  Is*llrr.  Hrla.  Ora.  S.  BsTae-Jines,  IHrecIcr.  rnllnl  Slain  of  Anerln  Tnihua  Cnwailastaa. 
lo  klsj.  tSen.  Jshn  H.  HaMiisa.  Plrectsr,  Civil  Adairs  ISvIdon.  War  Ilei>ar1iiien1,  Sa  Jan.  ims.  subject ; 
I'niiHMl  for  Combined  AnxIo-AaierieaB  Heiwrl  on  the  Onlbretk  anil  CnnIrnI  of  TyphiiH  rever  In 
Naples  anil  Honlhern  llaly.  lOtS-M.  121  lielter.  Biia.  Oen.  8.  Ba]rne.Jonn.  Chairman.  Teebnmi 
Ke^t  Cfanmlller.  li>  Sleerlna  Comnilltee  on  C'nmUned  Reiwrl  on  Ibe  Oulhreali  of  Tyiihna  Fever  tn 
Napin  and  Southern  Hair.  11143  44.  Combined  t'lell  Altaira  f'limmitfee,  8  fiel.  1IM3.  anbjerl :  Slalui* 
Keirnrt  and  RecommcBdaUOB. 
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The  typhuM  epldpink  at  XapIPH  will  dnulitlcxM  atniid  out  aa  ii  mllmitoiie  In  the  Held  iit 
pulille  health  and  dlaeaxe  cnntrol.  Here  It  waa  for  the  Arat  time  that  n  major  epidemic 
of  thlH  vIrlfMiM  dlKeaxe,  which  eharacterlatlcall}'  strikea  men  when  they  are  down,  wag 
not  merely  curiied  but  iictiuilly  bronaht  under  rniitnil  l>y  the  vlKoroni  apiilhallon  of  de- 
lonaina  meaHiireH.  The  gUrnldoanee  of  thlH  fact  for  *  •  •  the  InhabltantH  of  the  old  en¬ 
demic  <viiteia  of  t,V|ilinK  Ih  IneKtlmuble.  It  may  l>e  a  Iona  time  before  It  can  be  aald  that 
typfaUH  ban  been  eliminated  an  a  primary  public  health  problem,  but  thnt  erent  need  no 
longer  be  delayed  for  want  of  an  efficient  meang  of  controlling  the  dlaeaHe. 

'Die  stntistios  of  typhus  in  Naples  and  vicinity  from  July  1043  through 
May  1044,  including  weekly  recortls  of  cases  by  reixrrt  and  by  onset,  are  pre¬ 
sented  in  table  36.  These  data,  on  the  basis  of  reported  cases,  are  shown 
graphically  in  chart  11. 

Typhus  control  in  the  Fifth  U,S.  Army. — ^The  Fifth  XJ.S.  Army  not 
only  contributed  personnel  and  transport  to  assist  in  the  coniitemltnck  upon 
the  typhus  epidemic  in  Nnples  in  1043-44  but  also  maintained  effective  typhus 
control  measures  within  its  own  units.  Tlte  following  is  quoted  from  the  “His¬ 
tory  of  the  Fifth  Army  Medical  Service,  1045,’’  page  1 W : 

When  Fifth  Army  troopg  prepared  for  the  Invasion  of  Italy  In  104.^,  each  soldier  had 
available  a  2-<mnce  can  of  “Insecticide  Powder  for  llody  Crawling  Insects.”  Troops  were 
thoroughly  familiar  with  Its  use  and  their  frequent  and  free  use  of  the  powder,  both  on 
their  bodies  and  In  their  bedding.  Indicated  Us  popularity.  Although  the  powder  was 
MTL  and  not  DDT,  the  results  obtained  from  Its  frequent  use  were  effective.  No  incresse 
In  body  louse  Infestatlousamong  troops  was  noted. 

In  November  IMS,  typhus  fever  was  recognised  among  ctTlilans  In  Naples  and  an  in¬ 
tensive  educational  program  relating  to  typhus  control  wan  begnn  In  the  Fifth  Army. 
Demonstratlou  teams  were  orgsnlsed  from  the  28tb  Mtiaria  Control  Detachment  and  meet¬ 
ings  were  held  with  the  Divisions  at  which  all  preventive  and  control  measures  for  body 
lice  were  explained.  On  1  Jaunary  1M4,  a  detail  of  seven  enlisted  men  and  one  officer 
from  the  Zath  Malaria  Control  Detachment  was  sent  to  Naples  to  arrange  for  the  dusting 
with  Insecticide  powder  of  all  Array  troofis  on  Ihelr  arrival  and  departure  at  the  Kiftb 
Army  Rest  Campa.  With  the  further  Increase  of  caaes  of  typbna  fever  In  Naples,  the  city 
was  placed  off-limits  and  the  rest  camps  closed.  The  effectiveness  of  this  program  was 
shown  by  a  decline  In  reported  body  louse  cases  from  21P  In  December  IMS  to  S5  In  Marcb 
]IH4.  Only  one  rase  of  suspected  typhus  occurred  In  Fifth  Army  troops,  and  tUs  diagno¬ 
sis  was  never  conflrnied. 

On  1  October  1M4.  a  new  edwatlonal  program  was  Inanguraled  and  meetings  were 
again  held  with  all  Dlvlsloos  and  with  Army  troops.  These  meetings  were  attended  by 
regimental  ami  battalion  medical  officers  and  by  aeieeted  enitsted  personnel.  Demonstra¬ 
tions  were  given  of  Impioved  band  dust  gnn  methods  of  sprendlng  DDT  powder  which  was 
now  available  for  body  louae  control.  An  Iminrtant  port  of  the  lonse  control  program 
was  the  work  of  the  Quartemiaater  Rath  and  HterilUatlon  Detaebments,  the  services  of 
which  were  available  to  every  milt  at  the  Fifth  Army. 

This  campaign  accinst  body  lice  waa  so  sncresstnl  that  despite  the  fact  that  nnits 
were  required  to  report  enses  of  lice,  from  October  1M4  through  Marrii  IMTi,  only  82  cases 
of  lire  were  reported. 

At  the  eoBcInaion  of  hostilities  in  Hay  IMS,  the  Fifth  Army  Burgeon  supervised  the 
dusting  with  DDT  powder  of  all  German  prisoners  of  war  and  surrendered  German  troops 
held  by  Fifth  Army.  The  dusting  was  carried  out  by  Oerman  medical  oorpsmen  trained 
and  supervised  by  Amerban  Army  pensinnel.  and  becauie  a  routine  iwrt  of  the  prisoner- 
of-war  processing. 
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EPIDEMIC  TYPHUS  IN  EUROPEAN  REGIONS,  1943-46 

The  European  Theater  of  Ope»ations,  1943-45 

In  this  chapter,  the  account  of  prepanitions  f*>r  the  control  of  typhus  in 
tlie  Euroi>eaii  Theater  of  Oi»erations  was  broken  otf  on  7-8  November  1942  on 
the  eve  of  the  invasion  of  North  Africa,  llnviiig  followed  the  campaigns  iiiul 
activities  in  the  Mediterraneiui  area  and  in  the  Miihlle  Kast  to  their  tenniini- 
tious,  the  narrative  now  returns,  on  1  January  1943,  to  plans  and  actions  going 
forward  in  England,  the  great  base  for  mounting  the.  invasion  of  Euro^>e. 

'With  s|)ecinl  resjiect  to  epidemic  typhus  and  its  control,  the  account  of 
activities  in  this  theater  will  be  concerned  ]irinninly  with  the  inounting  of 
Operation  OVERIXlllD  (the  invasion  Oi  Eurofie),  events  following  the  land 
ing  in  Nomnnidy  on  D-day,  G  June  1!>44,  the  encounter  with  typhus  in  the 
Rhineland  in  194.'),  the  tremendous  problems  of  civil  public  health  in  relation 
to  typhus  extending  well  beyond  the  etid  of  the  military  phase  of  the  campaign, 
the  closing  of  ETOUSA  on  1  July  1945,  and  to  the  end  of  April  194C  when  the 
last  representative  of  the  U.S.A.  Typhus  Commission  was  withdrawn  from 
USFET. 

In  England  in  January  1943,  Colonel  Gordon  (p.  198),  was  building  up 
his  organization  to  provhle  the  l)est  i>ossible  preventive  luedicul  service  to 
ground  troops  of  the  U.!S.  Aniiy  in  the  Hritwh  Isles.  As  Colonel  (iordoii  has 
written  in  his  historical  report-s,**  from  which  imicb  of  the  material  for  this 
section  is  drawn,  that  there  was  at  this  time  “scant  idea  of  what  the  future 
held.”  Soon,  however,  rumors  liiiving  their  origin  in  the  Casablanca  (Con¬ 
ference  on  14  January  1943,  wlien  the  Combined  Chiefs  of  Statf  first  decided 
that  plans  should  be  made  for  a  cross-Channel  invasion  in  1944,  alerted  all  wise 
planners.  It  was  not  until  17  August  1943  that  the  plans  were  approved  at 
the  first  Quebec  Conference.  At  the  second  Cairo  Conference,  3-7  December 
1943,  these  plans  were  made  more  definite  when  Gen.  Dwight  D.  Eisenhower  was 
selected  as  Supreme  Allied  Commander  for  Oj^ration  OVERLORD.  Tliese 
decbicms  had  be«i  wisely  anticipated  by  the  Preventive  Medicine  Division  of 
the  European  theater  and  plans  had  been  formulated  accordingly. 

In  January  1943,  tlie  strength  of  U.S.  Army  troops  in  the  “European  Com¬ 
mand”  in  the  British  Isles  was  120,000.  In  January  1944,  it  was  935,000.  On 
D-day,  6  June  1944,  the  strength  was  more  than  1.5  million.  The  U.S.  Army 
Forces  were  increased  continuously  daring  the  victorious  advance  through 
France,  Holland,  and  Germany,  reaching  a  maximum  of  3,060,000  in  April  1945. 
After  the  surrender  of  Germany,  on  8  May  1945,  the  strength  of  ETOUSA 

<■(1)  Ooidoa,  JobB  X.;  A  Hiatorj  of  PrrmiHTB  Htdlcla*  in  tbs  XamMU  Theater  of  Operatloni, 
r.S.  Araj,  1MI-4S,  toI.  I,  pt.  I,  pp.  1-43.  oBd  pt  III,  pp.  1-S4,  with  tables  Bad  UloatntioBB. 
[Oflciel  record.]  (2)  Oordon,  John  E. :  LoBeebeme  TTphne  rerer  in  the  Xnropenn  nenter  of  Opera¬ 
tion*,  U.S.  Anny,  194S.  /*  Xlebettrial  Ditetten  of  Man.  Wanblacton :  American  Anaoeiatlon  for  the 
AdTaneement  of  Scleaee,  1*43,  pp.  lB-27, 
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and  its  successor  USF£T  was  rapidly  reduced  through  deployment  to  the 
Paciiic  and  demobilization.  On  31  December  1045,  the  strength  was  down  to 
666,000  and  to  326,000  on  30  June  1946. 

During  the  whole  period,  as  shown  in  table  33,  there  were  only  10  cases 
of  epidemic  typhus,  and  no  deaths  from  the  disease,  among  U.S.  Army  person¬ 
nel  in  ETOUSA.  Tliere  were  no  cases  until  1945,  when  10  occurred  among 
troops  in  the  Bhinelniid  where  the  exposure  was  relatively  intense. 

Medical  intelligence  indicated  that  typhus  was  occurring  in  the  German 
Reich  and  would  he  encountered  by  U.S.  Army  Forces  when  they  entered  that 
country.  The  disease  was  introduced  from  Russia  and  Poland  in  19.39.  In 
1942  and  1943,  2,742  and  3,316  cases  were  reported,  respectively,  and  it  has 
heen  estimated  that  there  were  at  least  5,058  cases  of  typhus  in  Germany  during 
1943.  In  the  Rhineland,  tliere  were  250  cases  reported  in  1942,  and  350  in 
1943. 

Although  epidemic  typhus  was  occurring  among  German  troops,  partic¬ 
ularly  on  the  Eastern  front,  and  among  Polish  and  Russian  prisoners  of  war 
in  detention  camps  and  at  places  where  they  were  used  as  laborers,  the  chief 
incidence  of  the  disease  was  among  civilians — mainly  displaced  persons  and 
victims  of  oppression  in  the  ghastly  concentration  camps  such  as  Dachau  and 
Delsen.  It  was  occurring  also  among  German  civilians  in  Iwmbed  towns  and 
cities. 

Colonel  Gordon  has  noted: 

Tnihus  spread  to  ail  principal  reaioiu  of  Germanr  and  bernnie  epidemic  In  M>me  areas. 
Conaiderins  the  frequency  with  which  new  InfectlonH  were  Introdnred,  control  meaanres 
would  aiipear  to  hare  been  good,  in  that  typhna  was  held  to  reasonably  low  lerela.  The  flnal 
debacle  of  the  war  led  to  ronditions  marked  by  dioaTganlzatlon  and  great  sbifta  of  popu¬ 
lation  of  such  extent  that  the  epidemic  potential  waa  extremely  dangerous  when  American 
troops  entered  the  country. 

Although  there  are  no  official  German  records  for  1944,  it  is  known  that  the 
incidence  of  typhus  increased  significantly  in  tlie  area  later  to  be  known  as  the 
U.S.  Occupied  Zone  of  Germany  during  that  year.  From  January  to  June 
1945,  there  was  a  great  increase  to  16,506  cases,  and  it  was  estimated  that 
approximately  22,000  cases  of  typhus  occurred  in  the  U.S.  Occupied  Zone  of 
dermany  during  the  year  1945.  Colonel  Gordon's  gra^di  of  these  statistics 
is  reproduced  in  chart  12,  showing  the  number  of  reported  cases  of  typhus 
fever  in  Germany  and  annexed  territory  by  years  from  January  1930  to  June 
1945,  with  the  1945  data  liniited  to  the  US.  Occupied  Zone. 

During  1943  and  the  first  5  months  of  1944,  the  typhus  control  activities 
of  the  Preventive  Medicine  Division  of  the  Office  of  the  Chief  Surgeon, 
ETOUSA,  and  of  the  UJS~A.  Typhus  Ccmimissioa  (p.  236)  in  England  were 
devoted  almost  entirely  to  education,  training,  development  of  methods,  and 
stockpiling  of  equipment  and  supplies.  The  program  of  the  U.S.  Army  for 
typhus  control  in  Europe  may  be  summarized  under  six  major  headings  derived 
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Chabt  12. — Rtportei  eOMei  of  tupkui  fever  ht  OermoHti  aiul  anneoei  territory  fty  year*, 

Jenuory  t9S9-J»ne  J04S‘ 

Number 

18,0001  ..  . 


ina  1*40  1*41  1*42  1*41  1844  IMf 

*Tbe  data  for  tli«  first  d  MoatlMi  of  SMS  relate  oalj  to  the  U  J*  Occvpled  fioae. 

Sooree :  Oordoa,  Soho  B. :  Loosoboras  Typhoo  Fever  lo  tbe  SoropeoB  Theater  of  Operations,  U.8. 
Armjt  SMS.  Im  Kleketttlal  Dloeaoeo  of  Man.  Washtaftea :  Anerteaa  AssoelatlOB  for  tbe  Adraaoe- 
»eat  of  Bdeace,  IMS. 


from  tlie  principles  set  forth  by  the  Committee  of  Experts  in  1037  (p.  184) 
and  experience  gained  at  Naples  in  1043-44,  as  follows : 

1.  An  adequate  system  of  reporting  cases  of  typhus  in  all  population  groups 
involved,  both  military  and  ciTilian. 

2.  A  system  of  case  finding,  providing  for  prompt  diaoovery  of  new  cases 
and  newly  develrqiing  foci  of  infection. 

3.  Isolati(«  and  hospitalization  of  patients  with  typhus  fever. 

4.  Quarantine  of  highly  infected  areas  or  camps,  and  the  institution  of  a 
cordon  sanitain  to  protect  larger  districts  relatively  free  from  typhus  frmn 
infection  carried  from  areas  of  high  endemicity  or  epidemic  prevalence. 

fi.  Delousing  of  patients,  contacts,  and  at  times  large  groups  (in  infected 
towns  and  camps)  by  the  use  of  DDT  louse  powder.  Delousing  was  regarded 
as  the  core  of  the  typhus  control  program,  "the  one  reliance  above  all  others.” 
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6.  Immunization  with  typhus  vaccine  of  all  military  personnel,  all  essential 
civilians,  and  occasionally  larger  groups  of  civilians  such  as  inmates  of  con¬ 
centration  camps. 

During  this  prepnratoiy  period  before  the  landings  in  Normandy,  two 
organizational  and  administrative  developments  occurred  which  greatly 
strengthened  the  typhus  control  activities  in  ETOUSA.  These  were: 

1.  The  establishment  of  a  Civil  Public  Health  Division  first  in  Head¬ 
quarters,  ETOUSA,  and  later,  in  1943,  in  the  Office  of  the  Chief  of  Staff  of 
the  Supreme  Allied  Commander.  Somewhat  later,  this  Civil  Public  Health 
Division  was  placed  under  Assistant  Chief  of  Staff,  G-5,  SILVEF. 

2.  The  establishment  of  the  I^ondon  Field  Headquarters  of  the  United 
States  of  America  Typhus  Commission  in  direct  relationship  with  G-5, 
SHAEF,  on  17  May  1944. 

As  epidemic  typhus  was  primarily  a  civilian  pestilence  which  threatened 
the  military,  a  summary  of  some  of  the  arrangements  for  dealing  witit  civil 
affairs  is  presented  at  this  point  to  provide  a  basis  for  the  understanding  of 
subsequent  actions. 

Civil  public  health  in  occupied  and  liberated  countries 

In  early  1940,  Colonel  Simmons  (p.  184)  foresaw  that  problems  and  activi¬ 
ties  of  civil  public  health  in  relation  to  military  government  of  occupied  and 
liberated  countries  would  be  vast  and  complicated  if  the  United  States  should 
become  involved  in  the  European  war  with  its  inevitable  global  extension. 
He  initiated  studies  and  actions  that  contributed  greatly  to  the  development 
of  the  program  for  civil  public  health  under  military  jurisdiction  overseas. 
From  the  beginning  and  throughout  the  war,  he  was  aided  esjiecially  by  Jx.  Col. 
(later  Col.)  Ira  V.  Hiscock,  SnC,  who  from  1941  to  1945  was  in  effect  the  rep¬ 
resentative  of  The  Surgeon  General  on  the  staff  of  Maj.  Gen.  John  H.  Ilill- 
dring,  GS,  Chief  of  the  Division  of  Civil  Affairs  and  Military  Government,  of 
the  War  Department  Special  Staff.  In  194.3,  Lt.  Col.  (later  Col.)  Thomas  B. 
Turner,  MC,  as  chief  of  the  Civil  Public  Health  IMvision  in  the  Preventive 
Medicine  Service,  exerted  a  strong  influence  on  the  development  of  policy  and 
upon  actions.  These  two  former  officers  who  had  so  much  to  do  with  the  entire 
program  are  among  the  chief  authors  of  the  roliune  in  this  series  dealing  with 
this  important  part  of  the  history  of  preventive  medicine  in  World  War  II." 

By  the  end  of  1943  in  ETOUSA,  there  were  two  staff  sections  known  as 
G-.5  which  were  concerned  with  civil  affairs  and  military  government  for  occu¬ 
pied  and  liberated  countries.  One  was  in  Headquarters,  ETOUSA,  and  the 
other  in  Headquarters,  SHAEF.  There  was  also  a  British  organization  for 
work  in  the  same  field.  Although  the  two  Allied  organizations  worked  closely 
together,  they  had  to  face  different  tasks  in  their  respective  .\rmy  zones.  Their 
stories  are  different.  This  section  will  be  concerned  almost  entirely  with  the 

DffpArtDMiit*  UnltMl  SUtM  Araaj.  Prfveatlve  MeiUdne  la  World  War  II.  Tola»« 
VIII.  Civil  Armlrv'inUtoiy  Ooremnit  Public  H««ltb  Aetlrltk*.  (la  pr^ration.] 
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American  orji^aniziitioii,  tvitli  s|iecial  referen(*e  to  the  ])reveiit.ioii  and  control  of 
t,vplius. 

liy  tlie  time  of  the  Normandy  landini^  early  in  June  1944,  several  reorga¬ 
nizations  had  taken  place  in  arrangements  for  civil  affairs.  The  (^ivil  Affairs 
Division  of  G-5,  SHAKK,  hn<l  lieen  given  comprehensive  jurisdiction.  The 
Public  Health  Hrancli  of  this  Division  became  especially  im^mrtaiit  in  relation 
to  typhus  control.  Although  Maj.  Gen.  Alliert  W.  Kenner  was  the  Chief  Med¬ 
ical  Officer  of  SHAKF,  he  was  not  as  much  concerned  with  ty]>hns  control  ns 
was  Maj.  Gen.  W.  F.  Draper  (.Assistant  Surgeon  General  of  the  U.S.  Public 
Health  Service,  on  leave)  who,  un  the  recommendation  of  General  Simmons 
and  Colonel  Turner,  had  been  ap|>ointed  Chief  of  the  Public  Health  Branch, 
G-fl,  SHAKF,  on  1  May  1944.  .Vmoiig  the  members  of  GenemI  Draper's  staff 
were  Col.  William  L.  Wilson,  MC,  and  lA.  Col.  (later  Col.)  Ijeonnrd  A.  Scheele, 
MC,  wlio  after  the  war  succeeded  Dr.  Thomas  Parrnn  ns  Surgeon  General  of 
the  l'.S.  Public  Health  Service.  Both  were  ex])ertly  informed  and  had  close 
relations  with  the  U.S.A.  Typhus  Commission. 

According  to  Colonel  Goixion:  “The  control  of  ty])hus  among  civilians  of 
liberatetl  countries  and  among  displacetl  nationals  was  an  accepted  and  direct 
respoiisihility  of  G-‘»  Civil  Affairs  ami  Militnry  Goveriinieiit,*’  Prior  to  D-day, 
this  Branch  was  not  sufficiently  organized  or  trained  to  meet  these  obligations. 
Training  in  typhus  control  was  provided  by  the  Preventive  Medicine  Division 
of  the  Office  of  the  Chief  Surgeon,  ETOUSA,  and  hy  the  l‘.S..V.  Typhus 
Commission. 

As  the  invasion  progressed,  the  Public  Health  Branch  of  SHAKF  head¬ 
quarters  prepared  and  issued  the  technical  directions  for  typhus  control  among 
civilians  and  assuied  the  provision  of  ndet|uate  su)>plies.  Naturally,  SHAKF 
had  to  delegate  responsibility  for  carrying  out  typhus  control  measures  in 
many  local  situations.  As  ('olonel  Gordon  wrote,  after  giving  cmlit  to  various 
organizations,  including  the  U.S.A.  Typhus  Commission :  “The  innumerable 
aargeoiis  of  annies,  corps,  divisioiis  and  their  staffs  were  directly  concerned 
with  implementing  the  program.  They  di*!  the  work  of  the  day.  To  this 
group  more  than  all  others  fell  the  responsibility  for  the  necessary  measures 
upon  which  satisfactory  control  depended.”  The  author  of  this  chapter  wishes 
that  there  were  space  here  to  mem  ion  them  individually. 

Establishment  of  Field  Headquarters  of  the  US.A.  Typhus 
Commission  in  die  European  Theater  of  Operations 

On  27  December  1942,  by  letter  from  The  Adjutant  General  by  order  of 
the  Secretary  of  War,  AG  710  (12-28-42)  OB-S-K,  the  Commanding  Gen¬ 
eral,  ETOl^SA,  had  lieen  notified  of  the  estiiblishment  of  the  U.S.A.  Typhus 
Commission  and  was  furnished  a  copy  of  Executive  Order  No.  0285  (p.  201). 
Tlie  tentative  plans  of  the  Commission  were  outlined,  including  the  poesihility 
of  visits  to  lA>ndon  and  other  places  in  the  theater  at  such  times  as  would  Ite 
agreeable  to  the  commanding  general.  While  in  ETOI'SA.  the  members  of 
the  Conunission  would  be  under  the  control  of  the  commanding  general.  The 
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conunuiiication  expressed  clearly  tlie  desires  and  niithorizntions  for  theater 
support  of  the  Commission  with  funds,  housing,  subsistence,  labor,  technirul 
assistance,  and  traiisitortation. 

On  26  February  1944,  General  Fox  and  Colonel  Turner  arrived  in  London 
for  consultations  with  General  Hawley,  Colonel  Whayne,  the  Assistant  Mili¬ 
tary  Attache  at  the  American  Embassy,  the  British  medical  military  author¬ 
ities,  the  British  Typhus  Committee,  the  British  Medical  Research  Council,  and 
other  individuals  and  organizations.  As  a  result  of  these  conferences,  the 
IT.S.A.  Typhus  Commission  was  accorded  both  advisory  and  certain  opera¬ 
tional  functions  in  the  European  theater. 

It  was  agreeable  to  General  Hawley,  Chief  Surgeon,  ETOI'SA,  repre¬ 
senting  the  C^ommanding  General,  ETOITSA,  that  the  U.S.A.  Typhus  Com¬ 
mission  should  have  an  office  in  London,  and  he  did  not  insist  that  it  should  be 
attached  to  his  office.  Before  the  tinal  decision  on  its  attachment  to  SHAEF 
was  reached,  however,  an  interesting  and  somewhat  delicate  episode  occurred. 
General  Fox  accepted  the  cordial  invitation  of  the  American  Ambassador, 
John  G.  Winant,  to  house  the  Commission  in  the  American  Embassy,  and  he 
asked  for  War  Department  approval.’®  The  Embassy  and  General  Fox  were 
informed  by  radiogram  that  there  would  be  no  objection  to  acceptance  of 
quarters  and  facilities  offered  by  the  Embassy,  but  by  direction  of  the  Secretary 
of  War,  the  activities  of  the  Commission  in  the  European  theater  would  be 
under  the  jurisdiction  of  the  theater  commander  and  that  General  Fox 
would  report  through  military  channels  to  the  Headquarters  of  the  Commis¬ 
sion  in  Washington,  and  not  through  the  American  Embassy  in  T»ndon.  To 
this,  the  U.S.  Military  Attache  in  London  replied  that  the  proposed  associa¬ 
tion  of  the  CcHnmiaaion  with  the  American  Embassy  had  been  predicated  upon 
the  Commission’s  independent  responsibility  to  the  Secretary  of  War  and  that 
placing  it  under  the  jurisdiction  of  the  Commanding  General,  ETOUSA,  pre¬ 
cluded  formal  association  with  the  Embassy. 

Finally,  the  U.S.A.  Typhus  Commission  was  attached  to  the  Public  Health 
Brandi,  Civil  Affairs  Division,  G-5,  SHAEF,  in  which  connection  it  was  a 
part  of  the  organization  of  the  theater  while  maintaining  its  integrity  and 
scope  as  a  miscellaneous  War  Department  activity  administered  through  its 
own  headquarters  in  Washington  and,  at  this  time,  by  the  Office  of  the  Deputy 
Chief  of  Staff  of  the  Army.  On  17  May  1944,  the  Field  Headquarters  of  the 
H.8.A.  Typhus  Commission  in  Ix>nd(m  was  established  at  44  Grosvenor 
Square,  and  later  two  refrigerated  warehouses  were  acquired  for  tlie  storage 
of  typhus  vaccine. 


‘^*(1)  KtMortMlam,  for  file  asd  rocord  hj  Brig.  0«a.  0.  Director,  United  Stniee  of 

Aaerien  CoamlMion.  18-29  Mar.  1844.  sabject :  Lond^  OMce  of  CoaoiilwiloD  In  Kelirion 

to  European  Tbeater  of  Operations  and  American  Embaspf.  <2)  Memorandam.  Lt.  Col.  Tom  P. 
Wharne,  MC«  AssIsCanI  MlUtarf  AtlaeM,  American  Embaaej,  London :  1  Qroarenor  Sqmio.  13  Mar. 
1144.  sQliiect:  Consultation#  Coocrmlag  the  United  BtaCre  of  Amorkm  T^pfaua  Commlaalon  and  Pntollc 
Health  Section  of  Clrll  Affaire  DirlRlon  During  Clw  RecvnC  Tlalt  to  London  of  Brig.  0«n.  Leon  A.  Fox 
and  Col.  Thommn  B.  Turner,  MC. 


li:!K  ••OMMUNK'AIII.K  IIISKA8KS 

During  tlio  iioxt  voiii’s,  fiinii  Miiy  1044  (ii  May  1040,  tlio  IJ.S.A.  Typliiis 
roiiiiiiissimi  »'ii8  ill  every  iiiiiiiir,  iiiul  iitiiiiy  ii  niiiinr,  epiRtxle  of  typliiis 

conti'iil  nil  the  coiit iiieiit  <if  KiiittiH*,  from  the  Kmieli  ('liiiiiliel  ('oast  In  Iterlill. 
Only  II  few  eaii  Ih*  siiiiiiiiiiriziMl  heir,  mill  this  will  In>  done  iit  the  risk  of  violiit* 
iiitr  ('liixiiiiilot!y  iiikI  <if  iiii  appiireiit  ilisn‘)raril  of  t lie  activities  of  tlie  I’ivveiilive 
Misliciiie  Divisinii,  KTOI'SA,  iiikI  iiclivilies  of  the  inislicnl  ilptiichiiients  of 
coiiihal  units. 

'I’hePiisiidenlitil  Kxei'iitiveOiiler  Xo.  0*>K*i,estiihlisliin};  the  l'.S..V.  Typhus 
('oiiiiiiission  was  a  powerful  iiisiriiiiieiit  for  siH'iiriii)r  the  menus  fur  typhus 
control,  not  only  throii}!h  the  ('oiiiinissi<iii  but  ihniiitrli  other  military  mid 
eirilinii  iipMU'ies  witli  which  the  < 'iMiiiiiission  Ins'iiiim*  nsso<'iiiled.  It  wiis  help¬ 
ful  to  ^’ivil  Atfiiirs  mid  to  FNURA,  mid  to  Uritish  ns  well  ns  American 
(irt'iiiii^alioiis.  It  eiiiililed  llie  ('oniinissinn  to  cooiiemte  with  other  n|;enrie8 
in  ilenlin^  with  |ii‘ohlenis  of  typhus  niiioiij;;  civilians,  refiips^s,  disphiced  |>er- 
soiis,  and  (irisoiiers  of  wiir.  To  eoiitinii  its  siiitns  to  deal  with  typhus  coiitnil 
in  Kiini|ie,  the  War  Depart  meat  (MiirKlnill  to  Kistniliower)  siMit  Undiofrniin 
No.  WAR  !2808i  to  the  t’oininaiidinjj  Oenernl,  U>5.  Army  Forces  in  the  Kiiro- 
IKMiii  'I’lieuter  of  Oirratioiis  on  2tl  .\pril  1J>44,  referriiip  to  the  (irijiiniil  letter 
of  iiotiticntioii  of  *2T  l)eeeiiils>r  HH2, 11111101110*111);  ihiit  (leiiend  Fo.x  would  s<sm 
estiihlisli  nil  olKce  of  the  ('oiiitiiission  in  laiiidnii,  niid  iipiin  e.xpretisiiif;  the  desire 
‘‘that  the  r<Hinnissioii  lie  fiiniisheil  with  nil  necessary  sii|i|Mirt.  to  insure  pro|)er 
fiincliniiiiii;  of  the  ('iiinini.ssioii  under  Kxeciitive  Onler  No.  dateil  24  l)e- 
eeiiilier  194'i.'’ 

Iiiiiiiediately  after  the  <>stahlishiiieiit  of  the  Field  llemiqiinrters  of  the 
U.S..V.  Typhus  ('nniniis.sioii  in  IsHidoii  in  Miiy  1944,  it  lieciiiiieeiiKnj^ed  in  tmin- 
injt  |iersoiiiiel  of  the  Uritish,  the  Free  French,  and  the  Netherliiiids  Government- 
iii-exile  in  the  latest  methods  of  typhus  control,  includin);  lessons  learned  at 
Naples.  This  iiisinictioii  wiis  directeil  hy  Major  Woodwiml  whose  dinfTain 
(Ky;.  8)  of  the  isisitinns  of  dust  in;;  DDT  powder  with  a  hand  duster  lieenine 
n  one-piige  niniiuiil  n8e<l  from  Eiiro|ie  to  tlie  Far  Kiist,  The  hniid  dusters  were 
the  Hudson  niid  Admiral  tyiies  referred  to  in  the  .section  on  the  epidemic  of 
typhus  in  Naples  (p.  217).  14y  this  time,  also,  a  power  duster  hail  been  de- 
velo|ied  by  the  Office  of  the  Qiie.rtermaster  General  in  rollnboratioii  with  the 
Headquarters  of  the  IT.S..\.  Tyiihiis  Commission  in  Washiii)rton  in  tlie  spring 
and  summernf  1944.  Uy  Septemlier  1044,  “the  outfit,  deloiising,  gasoline  engine 
driven,"’  QM  Item  No.  ('K}-0-800K,  was  ready  for  dislrihiition,  A  typical  ex¬ 
ample  of  it  is  shown  in  figures  II  and  12.  Tliis  ninchine,  nipidly  improvised, 
was  far  from  |>erfert.  It  failed  at  times  from  lack  of  fuel  or  power,  and  the 
pyropliyllite  in  the  DDT  (lowder  was  so  abrasive  that  it  scored  the  bearings. 
Nevertheless,  it  served  well  in  the  dusting  of  tlioiisaiids  of  refugees  at  river 
crossings  and  at  railroad  stations,  and  in  coiicentnitimi  canqis  until  the  end  of 
these  sad  affairs  in  1046. 

Tjl>hu  vaccine. — By  an  arrangement  with  the  Office  of  the  Chief  Sur¬ 
geon,  KTOUSA,  the  U.S.A.  Typhus  Commission  was  put  in  charge  of  all 
supplies  of  typhus  vaccine  for  the  theater.  On  1  July  1044,  I^t.  Col.  (later 
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Col.)  Silaii  B.  Hays,  MC,”  cut  through  red  tape  mid  turned  over  to  the  Com¬ 
mission  ill  Ijondon  100,000  vials,  20  ml.  each  (2  million  ml.)  of  typhus 
vaccine,  Medical  Supply  Item  No.  1612800.  Thereafter,  the  Commission  stock¬ 
piled  and  issued  typhus  vaccine  to  U.S.  Army  troops,  British  organ izatioiis, 
UNRKA,  and  other  civilian  and  military  imits  concerned  witli  typhus  control 
in  Europe.  Perhaps  upward  of  20  million  ml.  of  the  vaccine  was  distributed 
through  this  system. 

DDT. — The  Field  Director  of  the  Commission  desired  to  have  DDT  louse 
jKiwiler  and  DDT  concentrate  placed  under  control  of  the  U.S.A.  Typhus  Com¬ 
mission  in  ETOUS.V.  Theater  authorities  did  not  agree  with  this.  As  a  con¬ 
sequence,  the  lequirements  of  the  theater  and  of  SHAEF  were  handled  from 
their  respective  offices,  with  the  constant  supiiort  of  the  Commission.  A  notable 
example  of  cooperative  effort  was  the  shipment  by  air  of  1,125,000  pounds  of 
DDT  louse  iKiwder  and  7,200  hand  dusters  from  the  United  States  to  England 
in  September  1944  fur  use  on  the  Continent.  This  action  followed  a  visit  to 
Headquarters,  U.S.A.  Typhus  Commission,  in  Washington  by  Colonel  Scheele 
who  persuasively  presented  the  needs  of  the  Public  Health  Branch,  G-6, 
SHAEF.  The  desired  supply  of  DDT  louse  powder  was  secured  promptly  by 
the  concurring  action  of  Colonel  Lundeberg,  chairman  of  The  Surgeon  Gen¬ 
eral’s  D1  •  r  Committee,  the  approval  of  The  Surgeon  General,  Maj,  Gen.  Nor¬ 
man  T.  Kirk,  and  the  authorization  by  Maj.  Glen  E.  Edgerton,  Director  of 
the  International  Division,  ASF. 

Civil  Affairs  Division  antityphos  unit — In  the  latter  half  of  1943,  the 
U.S.A.  Typhus  Commission  in  Washington  worked  with  the  Supply  Division, 
Office  of  The  Surgeon  General,  in  consultation  with  numerous  advisers,  on 
selections  of  items  for  a  standard  unit  of  materials  for  typhus  control.  The 
outcome  was  a  “unit”  (called  CAD  (Civil  Affairs  Division)  antityphus  unit) 
weighing  759  pounds,  with  a  cubage  of  36  cubic  feet  containing  tyi^us  vaccine, 
syringes,  DDT  louse  powder,  dusters,  methyl  bromide,  goggles,  protective 
clothing,  thermometers,  lanterns,  gloves,  and  some  miscellaneous  items. 
Thousands  of  these  units  were  shipped  to  the  European  and  Mediterranean 
theaters,  and  also  to  Japan  and  Korea.  In  spite  of  some  objections,  they  were 
found  to  be  serviceable. 

In  discussing  the  supply  situation.  Colonel  Gordon  had  pointed  out  that 
demands  for  antityphus  control  materials  were  not  urgent  until  the  advance 
across  the  Boer  River  in  February  1945,  when  the  full  impact  of  the  disease 
became  manifest.  He  wrote : 

Br  the  time  enppllea  were  needed,  ample  qaantiUes  (of  DDT  louee  powder]  were 
arallable  on  the  Continent.  From  an  inslanincant  monthlr  demand  for  about  82i  tons 
of  DDT  powder  in  Jannarj  194S  bj  O-S  of  the  armies,  the  requirements  jDmped  to  approzi- 
matetr  l&O  tona  by  the  following  April  1945  *  *  *.  Tbe  probleme  of  lappiy  Just  preaented 
related  only  to  Intra-theater  effort  and  concern.  Particalar  conuneiidatlaii  li  due  the 
Service  of  Preventive  Medicine  In  the  OBce  of  The  Burgeon  Groeml  and  tbe  Director 


ncnlonrl  Hajrff  later  became  The  flarireoii  Qeoerml  of  tbe  Army  «ii<l  oerred  In  that  mpeHtF 
from  1  June  1&S5  to  31  Umj 
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(■r  the  I'.S.A.  Typhux  ('iiiiiiiiiHxioii  in  V\'n)ihiii{.)oii  for  the  tlilixemv  niul  effort  ext-iviMed 
at  the  aouree  of  aupiiiy,  which  lunde  iKiiwibie  ioug  In  advance  of  neetl  the  iinxe  alot'kplici* 
ncciiiiinldle<l  in  the  riiltml  Kiiixtioin.  Utie  of  the  nioxt  Kiitiiifactory  featiiree  of  ly|ih:iM 
ctintroi  OK  it  dcveioiieti  in  tScrniaiiy  waa  that  never  in  the  <viorm>  of  oiierationx  did  a 
xhortuRe  of  diiHlIna  powtier  exixt. 

Prisoners  of  war. — Tlie  Coiiimissioii  assisted  in  the  vaccination  anil  de- 
luusiiijr  of  prisoners  of  war  taken  by  Aiiieriniii  forces,  mid  ntleiiiptetl  to  )fel 
niitityplnis  iiinterials  to  Aiiiericaii  prisoners  of  war  held  by  the  (feniiiins. 
Althoiitrh  the  iissistniice  of  the  Inteniatioiiiil  Red  ('rnss  was  solioitetl,  the  effort 
to  furnish  these  materials  for  U.S.  initioiiiils  imprisoned  in  war  ('nin|>s  in 
Gerniaiiy  failed. 

Scientific  investigations.— Members  of  the  r.S.A.  Typlins  Cominission 
niilizetl  every  itossible  opi>ortiinity  to  make  scientiKc  investigations  of  typhus 
in  viirioiis  situations  in  Enroite.  St  mins  of  the  rickettsial  organism,  all  of  which 
provetl  to  be  R.  /irowazeki,  were  collected  and  sent  to  the  Anny  Metiical  .Service 
liiboratories  in  Washington  and  to  laboratories  in  Kngland.  Serum  specimens 
were  collected  and  distrilnited  to  various  lalmratoriee.  Chemotherapeutic  and 
clinical  studies  were  nirrietl  out  under  distressing  and  difficult  conditions  at  the 
German  concentration  camps,  after  they  had  lieen  captured  by  r.S.  trnoirs. 

Personnel. — Thus  far,  a  nnniber  of  names  have  lieen  uientioned  to  nie- 
ntttrinlize  those  on  the  stuffs  of  KTOl’S.V  iiinl  SHAKE  who  servetl  the  cause 
of  typhus  control.  laiter,  some  of  the  officers  in  the  combat  units  will  be  listevl. 
At  this  point,  it  seems  appropriate  to  record  the  names  of  several  men  who 
carried  forwartl  the  work  of  the  U.S.A.  Typhus  ('omini.ssion  in  the  European 
theater.  These  were  Gol.  .roeepli  E.  Satlusk,  .Tr.,  MC,  Executive  Officer,  ‘26  July 
to  8  November  1044;  Lt.  Col,  David  M.  Greeley,  MC,  Executive  Officer,  8 
November  1944  to  26  April  104(i :  anil  the  special  consultants.  Major  Womlward, 
Major  Snyder,  and  Capt.  ( later  Maj.)  William  A.  Davis,  MC,  who  was  Typhus 
Liaison  Officer  with  the  British  21  Army  Group.  These  officers  had  the  shock 
and  burden  of  dealing  with  typhus  in  the  ghastly  German  concentration  camps. 
Maj.  George  Zinnemann,  MAC,  handled  supplies  and  transportation  under 
incredibly  tlifficnlt  conditions. 

Epidemic  Typhus  in  the  European  Theater,  1944-46 

As  there  were  only  10  cn.ses  of  typlins  fever  and  no  deaths  from  tlie  disease 
among  U.S.  .\miy  troops  in  the  European  theater  during  the  years  1042  to 
104.^>.  the  problems  were  not.  those  of  loss  of  effectiveness  and  care  of  the  sick. 
They  were  problems  of  the  maintenance  of  the  highest  possible  standards  anti 
practice  of  preventive  medicine,  to  he  judged  hy  the  resulting  minimizing  or 
absence  of  trouble  rather  than  by  the  curbing  of  some  holocaust  of  disease. 
They  were  matters  of  preventive  medicine  not  only  among  the  military  forces 
but  also  among  millions  of  refugees  and  displaced  persons,  German  civilians 
in  the  Rhineland  and  Inner  Reich,  German  prisoners  of  war,  and  civil  and 
political  prisoners  in  the  German  concentration  camps.  After  the  fall  of 
Germany  in  May  104.1,  these  activities  were  extended  to  the  American  nnd 


TYPHI’S  FEVERS 


241 


British  Zones  of  Occupied  Germany,  to  parts  of  Austria,  and  to  parts  of 
Poiand,  notably  Warsaw.  Typhus  was  an  ominous  overhiinp'in^  threat.  It 
was  held  back  by  measures  of  preventive  medicine  applied  tlimiipli  all  triidi- 
tioiiid  military  channels  and  also  through  tlie  new  ngencips  of  ('ivil  Affairs  and 
Military  Government,  and  some  new  civilian  agencies  such  as  UNKKA. 

France 

The  230  cases  of  epidemic  typhus  reported  in  France  in  1942  occurrwl 
jnainly  in  the  prisons  of  Marseille.  In  1943,  only  4  cases  occurred  in  the 
civilian  population  in  France,  and  only  12  cases  in  this  group  in  1944.  In  addi¬ 
tion,  outbreaks  of  ty|>hus  are  reported  to  have  occurred  in  camps  of  foreign 
lalmr  drafted  by  the  Germans — 61  cases  near  Metz  and  250  cases  among  Russian 
(Tn<lt)  laborers  in  the  Cherbourg  area  in  the  |)eriod  from  January  to  July, 
1!)44.”  These  gave  rise  to  disturbing  rumors  when  the  invading  force  learned 
about  them  in  June  1944,  but  there  were  no  authenticate«l  cjises  of  typhus  in 
France  at  this  time.  None  occurred  until  about  a  year  later  when  at  the  camp 
for  refugees  and  returning  nationals  at  I>a  Coiirtine,  in  late  February  1945, 
several  cases  of  typhus  occurre<l.  Maj.  Lucien  Brumpt  of  the  French  Army 
and  re])i'eseiitntive8  of  the  U.S.A.  Typhus  Commission  instituted  adequate 
control  measures  here. 

Belgium,  Luxembourg,  and  Holland 

No  cases  of  typhus  occurretl  from  D-day  through  1J)44,  but  as  a  precau¬ 
tionary  measure,  refugees  returning  to  their  homes,  foreign  Todt  workers  left 
behind  by  the  retreating  Germans,  and  ]>olitical  prisoners  in  local  jails  were 
deloiised.  As  the  advance  progresswrl  and  more  ^lortioiis  of  these  countries 
were  liberated,  an  increasing  numlier  of  refugees  and  displaced  persons,  loiise- 
infested,  returned  to  their  homelands.  Tliey  brought  typhus  with  them.  For 
example,  from  March  to  June  1945,  136  cases  were  reportetl  in  Belgium  and  49 
in  the  Netherlands.  By  1945,  effective  procedures  for  handling  displaced  ])er- 
sons  were  in  operation,  and  typhus  did  not  spread  in  these  areas. 

The  Rhineland 

The  niutton-leg-shaped  area,  bordered  on  the  east  by  the  Rhine  River 
from  Switzerland  to  the  North  Sea,  on  the  south  by  France,  and  on  the  west 
by  Luxembourg,  Belgium,  and  Holland,  constituted  a  natural  division  of  Ger¬ 
many,  according  to  tlie  political  situation  in  1944.  This  was  called  “the  Rhine¬ 
land.”  Its  capture  in  order  to  aline  the  Allied  armies  along  the  length  of  the 
Rhine  preparatory  to  the  assault  upon  the  heart  of  Germany  was  a  major  ob¬ 
jective  of  the  campaign.  As  soon  as  the  Battle  of  the  Bulge  ended  in  the  Allied 
victory  in  the  Ardennes  in  January  1945,  moves  were  made  toward  the  assault 
on  the  Rhine.  In  doing  so,  contact  was  made  for  the  first  time  with  epidemic 
typhus  in  western  Europe  in  an  area  which  had  been  free  from  the  disease  for 
many  years. 

^Epldmlol.  Inform.  Bull.*  United  Notions  Belief  and  SehsblllUtlon  Administration,  Health 
Dlrlslon  1  (No.  7)  :  29«.  31D.  322.  April  1&4B. 
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Siiniinnri>^iiig  Colonel  Gordon's  re|)ort  and  iisiiif;  niiich  of  liis  liiiif;iiiiKe 
with  only  ocrusionnl  qnotnlioii  iniirks,  the  followiiif;  is  iin  ni'coiint  of  the  rise 
un<l  suppression  of  the  epidemic  in  the  Rhineland : 

Aachen. — Typhus  was  Hrst  repoiletl  in  the  Rhinehnid  by  the  10th  Medical 
Laboratory,  which  was  then  assigned  to  the  First  U.S.  Army.  Several  Italian 
conscript  laborers  tniveling  from  Holland  to  Aachen  had  fallen  into  the  hands 
of  tlie  Minth  U.S.  Army.  Four  were  at  that  time  convnlesi’ent  from  an  illness 
snniiised  to  be  typhus.  The.  serological  diagnosis  wns  made  at  the  Imboratory. 
The  onset  of  the  syin{)toms  apparently  dated  from  15  February  lt>4.5. 

Miinchen-GIadbach. — On  .5  March  1!)45,  the  Kinth  U.S.  Army  dist^ov  ernl 
five  ciuses  of  typhus  in  tlie  city  of  Miinchen-GIadbach.  Inmiedintely  there¬ 
after,  it  was  found  that  the  labor  cani]>s  in  the  vicinity  and  a  considerable  area 
of  the  region,  as  well  as  the  city,  were  involved.  The  “pideniic  had  started  in 
Menss  in  November  1044.  Of  183  cases  reported,  75  were  found  by  American 
troops.  Russian  and  Polish  laborers  were  principally  affected.  Fifteen  native 
Germans  contracted  the  disease  by  caring  for  the  patients. 

Cologne. — At  about  the  same  time  in  Man*h  1045,  an  epidemic  of  typhus 
Mas  uncovered  in  Cologne  and  its  vicinity  by  medical  iiersonnel  of  the  First 
U.S.  Army  and  the  Cologne  Military  Government  detachment.  A  total  of 
101)  cases  occurred  in  Cologne  up  to  1  .Tune  104.5.  They  Mere  8cattere<l  through¬ 
out  the  city,  air  raid  shelters,  and  prisons. 

HeriBilIlicilB.~.\8  this  is  sik-Ii  a  neat  example  of  an  explosive  onlhreak 
])roiii]itly  quenched.  Colonel  Gordon’s  account  of  it  is  quoted: 

A  an.aii  lit  to  IJkralnlau  liibureni,  tmlh  mm  aiul  women,  left  Coloene  in  the  early 
daya  of  the  Anierlean  orcupatlon.  They  alopfied  for  2  daya  In  Hemilllhelm.  population 
l.UOiL  lIurInR  the  2  niRbia  they  remained  In  the  TlllaRe.  they  aleid  In  an  air  raid  ahelter 
which  oared  for  the  lawldenta  of  two  aireela  of  the  town,  llerinnibelin  had  prerlonaly 
been  tree  from  tyithua  fever.  The  Ukralnlana  went  their  wa.v,  hut  Miltaeqiienlly  two  were 
aeen  In  Aaihen  with  typical  t)'|>huH  fever  inf<>ctlon. 

Durlnx  the  2  daya  Immediately  proeeiiluR  24  llan4i  104.5.  .10  German  realdenta  of 
the  town  develo|>ed  lyiihua  fever.  Alt  had  uaeil  Ihe  air  raid  bunker  In  which  the  Ukralnlana 
had  Hleid. 

When  HennOlbelm  waa  vlalted  that  eveiilna,  the  Bilraermeiater  and  bla  health  nlllcer 
bad  already  Inatltated  ticuranllne.  The  foUowIna  mumlnx  the  entire  vlilaae  waa  deloaaed 
b>  duatlnR,  and  vaeclnate<l.  In  the  coame  of  Ihe  followina  M'eek,  ibe  numlier  of  denmn- 
atrated  caaea  IncreaaeC  to  .58.  No  aecomhiry  caae  occurred  after  the  accepted  InculNitlon 
piTlod.  The  outbreak  and  the  control  mcaaurea  employed  demnnatrated  clearly  the  poten- 
tlalUlea  aaaoclated  wllh  the  Introduction  of  t.vpbiu  Into  a  auaceptlblc  civilian  community, 
and  the  reaulta  to  be  expected  from  |ir<ini|it  InaaRuratlon  of  modem  riaitml  metboda. 

The  Rhine  Province,  Saarland,  and  Palatinate.— In  tills  region  of  terri¬ 
tory  contiguous  to  Germany  M-est  of  the  Rhine,  about  400  cases  of  typbus  bad 
oocurretl  in  tlie  weeks  immediately  preceding  the  entry  of  American  troo(ie. 
The  seeding  was  heavy  and  the  potentiality  of  spread  was  imminent.  The 
following  vivid  description  is  qiiotetl  from  Colonel  Goiilon’s  report: 

The  whole  area  seethed  wHli  forclan  peoples,  cnnicrlpt  laborers  iinivInR  this  way 
and  that  and  In  all  dlrecHmis.  hoplna  to  reach  their  homes.  In  search  of  fisid.  seeklnx 
shelter.  :ilnst  of  ihc  (yphus  was  wilhiii  tills  aroup  anil  they  carried  the  disease  wiih 
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ihcuL  Tlif.r  inin'M'  aloiix  ihr  hliclm'ti}'ii  anil  In  n>unir.r  latiiK — niiw  a  doai-n  KiiunianlanK 
IHillltiK  a  I'art  l<ia<lml  with  th<Mr  miialiilnx  Im’ImikIukm;  hum  a  littlu  liand  (if  Fruiicliniuii 
Hdrklni;  Ihulr  way  iiiwani  Franii',  itu'm  wimo  NutliorlandurK.  or  |iurhapH  Itulalana;  and 
evurywhum.  the  rarlud  natlonallllua  of  the  Eaat— UkralnlanH.  Polua.  Ciucha,  and  Busalana. 
Thuy  niocud  mnnily  on  f<M>i,  haliud,  thuu  aaihurud  In  aruat  camiM  of  aoiiiutlium  In.tXIO 
or  more,  uxluiuporlaud,  of  itrlmillvu  xanllatlon,  crowdud,  and  with  all  too  little  aenac  of 
oniur  or  cluanllnnM. 

Thuau  were  the  |>u«|>lu  whuru  l,v|iliua  prudomliuilrd,  more  than  half  a  nillllnu  of  them 
In  the  IthlneUnd,  wearinl  with  war,  uiidernourlMhed.  [MNirty  clothed,  and  long  Inured 
i»  aanliary  nnderiirlvlleiie  and  low  level  liyiriene.  Add  to  tbla  ahiftina  population  the 
Imndreda  of  releaned  pnllltual  prlMiuerw,  often  heavily  Infected  with  typhus  but  happily 
far  fewer  In  nunihera-  the  (ierman  mfni»>ea,  tlrat  niovlna  ahead  of  our  troops,  and  then 
alfilnc  hack  to  their  liomea  tlirmuth  the  Anierlcati  lluea.  Harely,  If  ever,  has  a  situation 
existed  so  rvmdnrlve  to  the  spread  of  t,vphua, 

Tyiditta  fever  In  a  a'anie  |N>iailatt(ai  la  laid  enonKh,  It  has  demonstrated  Its  poten- 
tlallllea  In  both  war  anil  |woce.  The  Rhineland  In  thiaw  days  of  March  1945  could 
aciirrcly  be  helleced  by  thoee  wlto  saw  It— It  la  beyond  the  ap|irertatlnn  of  those  who  did 
not.  tl  waa  Wild  Weal,  the  hordea  of  (lenithia  Kahn,  the  Klondike  aold  rush,  and 
>’a|aileon‘a  retreni  from  SJoacow  all  rolled  up  Into  one.  Stn'It  waa  the  typhus  problem 
In  the  Rhineland. 

Hy  imeHSHht  •ctivitieii  of  “typliiis  teams"  and  medical  and  sanitary  per- 
mmiiel  of  military  itnitM  and  Civil  Affairs  ffroups  havinjj'  adequate  supplies 
and  iisinif  metluids  wliose  worth  had  been  proved  at  Naples  (case  lindin);, 
isolation  of  rases,  contact  and  ifroup  delousing  with  DDT  powder,  and  some 
vaccination),  the  main  centers  of  infection  at  Munchen-Gladbach  and  Cologne 
were  hiought  iiiiiier  control  during  Marcli.  Thereafter,  cases  in  other  parts 
of  the  Rhineland  were  held  t(»  relatively  low  figures.  “May  ended  with  the 
disettse  virtually  alxient.'’ 

During  tlie  perital  from  March  to  June  1945,  a  total  of  693  cases  were 
reimilcd  ill  the  Rhineland.  There  were  22  fresh  outbreaks  of  the  disease  in¬ 
volving  ;il  villages,  towns,  or  cities.  Although  the  resident  native  population 
was  iilMiiit  7A00,00i)  as  coiii|iare«l  with  about  500,000  displaced  persons,  about 
two-thirds  of  tlie  cases,  some  4011,  were  among  the  latter.  Infestation  with 
lice  was  much  more  frvqiieiit  among  the  displaced  persons  group  than  in  the 
native  population.  Living  quarters  of  the  disjilaced  were  more  crowded  and 
unsanitary. 

Anmiig  .188  patients  almiit  whom  sufficient  information  was  available,  61 
were  kiKiwn  to  liave  died  of  typhus,  giving  a  case  fatality  rate  of  15.7  percent. 
The  1  asc  fatality  rate  of  native  Germans  was  35  percent  wliile  it  was  3  percent 
aiiKMig  the  displaced  persons  wlio  were  largely  of  Kastem  European  origin. 

TIm  Immt  Rcfeh. — For  tlie  purpose  of  his  analysis  and  report,  Colonel 
Gordon  defined  the  Inner  Reich  as  that  part  of  Germany  ea.st  of  the  Rhine 
anil  nortii  of  Switierland  which  “fell  uii^r  the  influence  of  the  U.S.  Amy.” 
It  included  not  only  a  major  part  of  Germany,  but  the  westernmost  part  of 
Caerhnstovakia  and  tlie  greater  ]Mrt  of  Austriu. 

Tiie  move  into  this  region  liegan  on  7  Morcli  1945  when  tlie  9th  Armored 
Division  and  the  First  C.S.  Army  seized  the  Liiilendorff  railroad  bridge  at 
Remageii  uiiil  establi.slieil  a  bridgehead  on  tlie  east  bank  of  the  Rhine.  The 
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massive  nssitult  across  the  Rhine  began  on  24  March,  with  the  liritisli  21  Army 
Group  (('iiiiadian  First  Army  and  Itritish  Second  Army)  on  the  north,  with 
next  in  line  from  north  to  south,  the  Ninth  U.S.  Anny,  the  First  I’.S.  Army, 
the  Third  U.S.  Army,  the  Seventh  IJjS.  Army,  and  finally  the  French  1st 
Army  opposite  Strasbourg.  As  note<l  by  Colonel  Gordon:  “All  found  typhus 
fever:  tlie  llritish  scarcely  any,  the  Ninth  some,  the  First  and  Tliird  a  great 
deal,  while  in  the  south  the  Seventh  I'.S.,  and  the  1st  French  Armies  again 
encountered  relatively  little.”  Many  cases  of  ty]>hns  fever  were  found  in  the 
cities,  towns,  and  villages  along  the  east  bank  of  the  Rhine,  as  in  Diisseldorf, 
Miilheim,  and  Diiishnrg.  There  were  also  many  rumors  of  cases  which  set  in 
motion  additional  preventive  medicine  activities. 

Soon  after  the  crossing  of  the  river,  a  westward  refln.x  of  displaced  per¬ 
sons,  refugees,  prisoners,  and  others  began.  This  movement  called  for  special 
tirrnngements  for  control  at  the  crossings. 

The  first  large-scale  measure  of  control  was  the  establishment  of  a  cordon 
snnitaire  (or  “sanitary  Iwrder’’)  extending  from  the  political  Imundary  of 
Switzerland  and  the  Rhine  River  along  the  course  of  that  river  to  the  junc¬ 
tion  of  the  Rhine  and  Waal  Rivera  and  thence  along  the  Waal  to  the  North 
Sea.  All  existing  and  future  crossings  were  designated  as  either  ports  of 
entry  or  guard  stations,  and  all  civilians  and  liberated  prisoners  of  war  travel¬ 
ing  from  cast  to  west  would  be  deloiised  at  these  ports  of  entry  liefore  entering 
the  cordon  sanitaire.  These  arrangements  were  ordered  by  Headquarters, 
SHAKF,  on  31  March  1945,  and  were  implemented  by  a  directive  issued  by 
He:  l«|iiartera,  ETOUSA,  on  12  April.  Before  this,  however,  the  armies  had 
established  deloiising  stations  at  the  crossings  in  their  respective  sectors.  Colo¬ 
nel  Gordon  has  pointed  out  that  the  original  plans  for  such  a  cordon  sani¬ 
taire  were  drawn  up  in  his  Preventive  Medicine  Division,  ETOI'S.\,  in  1943. 
On  27  March,  General  Fox  formally  recommemled  a  similar  establishment. 
Tliere  were  many  claimants  for  the  distinction  of  having  initiated  this  protective 
action.  As  a  matter  of  fact,  the  action  was  obvious  and  tlie  idea  was  an  old 
one,  frequently  refurbished.  It  had  been  quite  clearly  presented,  for  example, 
in  the  report  of  the  Committee  of  Experts  in  1937  (p.  184).  Contimiing  to 
quote  from  Colonel  Gordon’s  article: 

DeloiiRinK  gtations  at  fxirtg  of  nitr]r  were  located  near  brMgee,  oiinaiiy  in  a  displaced 
liersong  center.  Militarr  iniice  permitted  ciTUUns  and  iinerated  prlxonem  of  war  to  cmia 
iHiij  if  their  identification  iwpera  had  the  necessary  endorsemeat  shim-inK  recent  disinfesta¬ 
tion.  Deiousinx  stations  were  maintained  at  entraining  points  for  civilians  moving  across 
the  Rhine.  Iiy  rail,  and  similar  provision  existed  for  air  travel. 

The  tyiihns  epidemic  in  the  Inner  Belch  was  no  orderly  developing  process,  lint  a 
sharp  increase  to  epidemic  proportions  and  a  progressive  but  more  slowly  onlered  decline. 
The  cases  rcfiorted  in  a  given  week  represented  not  so  nsneh  the  progression  of  the  disease 
as  the  progression  of  the  armies.  The  more  territory  that  wns  uncovereii.  the  greater  was 
the  number  of  reported  cases  ■  ■  Reporting  of  typhas  fever  during  the  advance  through 
Inner  Germany  proper  waa  even  more  disorganised  and  irregniar  than  It  bad  been  in  the 
Rhineland  *  *  *.  Not  until  late  May  and  early  Jnne,  not  nntii  the  last  great  concentra¬ 
tion  ramp  came  under  American  control,  did  weekly  reports  of  typfans  give  indication  of 
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ibe  true  course  of  ihe  eiiidcmic — an<i  that  course  was  one  of  satisfactory  and  progressive 
improvement. 

The  epilletnic  of  typhus  in  the  Inner  Reicli,  or  American  occupied  terri¬ 
tory  of  Germany,  lust^  about  3  months,  from  the  Inst  week  of  March  to  the 
end  of  June  1945.  During  this  period,  a  total  of  about  15,800  cases  was  re¬ 
ported  from  518  localities  in  the  environment  of  troops.  Of  these  cases,  approx¬ 
imately  8,800  occurred  in  292  new  localities  and  approximately  7,000  in  226 
old  localities.  The  epidemic  was  definitely  ove»*  by  the  end  of  June.  It  is 
remarkable  evidence  of  the  residual  effect  of  strongly  applied  military  pre¬ 
ventive  medicine,  or  of  some  mysterious  biological  process,  that  the  disease  had 
remaine<I  suppressed  in  this  region.  There  were  only  32  cases  reported  in 
August  1945.  “Subsequent  events  showed  that  typhus  in  Germany  had  been 
brought  under  eonijdete  control,  for  during  the  winter  of  1945—46,  no  more 
than  a  reasonable  endemic  incidence  prevailed.” 

The  German  concentration  campa  in  the  Inner  Reich.— This  is  not  the 
place  to  recapitulate  descriptions  whicli  others  have  published  about  the  hor¬ 
rors  of  the  Gernmn  concentration  camps  for  ])o]iticaI  and  Jewish  prisoners. 
Perhaps  figure  13  will  be  stifRcieiit  to  indicate  the  conditions  in  which  typhus 
was  rife,  as  observed  by  Major  Davis. 

The  purpose  of  this  brief  section  is  to  record  that  typhus  was  epidemic 
in  these  camps  and  spread  from  them  to  the  snrroimding  areas  when  the  sur¬ 
viving  inmates  were  able  to  escape.  They  carried  typhus  mid  lice  with  them. 
The  strenuous  aiqilication  of  modem  methods  of  typhus  control,  chiefly  de- 
lousing  with  DDl'  powder  and  some  vaccination,  checked  the  disease  in  about 
2  weeks.  In  addition,  clinical  care  by  members  of  the  U.S.A.  Typhus  Com¬ 
mission  helped  to  save  some  lives  by  applying  knowledge  gained  at  Cairo,  by 
relieving  water  starvation,  and  by  providing  adequate  protein  content  in  the 
diet.  Chemotherapeutic  .studies,  particularly  those  in  which  PABA  was  used, 
produced  little  of  benefit.” 

The  chief  concentration  camps  uncovered  by  the  American  and  British 
Armies  during  April  and  early  May  1945  were  Belseii,  Buchenwald,  Dacliaii, 
Flossenbnrg,  and  Mauthausen.  There  were  others  in  addition.  “All  had 
hundreds  cf  cases  of  typhus  fever  and  sometimes  thousands.”  Notes  on  two 
of  these  concentration  cainjis,  Belsen  and  Dachau,  will  be  presented  to  illus¬ 
trate  problems  of  typhus  control  in  such  situations. 

Belaen. — ^To  quote  from  the  report  by  Major  Dnvis,'*  who  was  tne  U.S..V. 
Typhus  Commission  liaison  officer  with  tlie  British  21  Army  Group: 

The  conceiitrntion  niinp  at  Iletiieii  (in  the  Province  of  Hanover)  Oermany,  was  taken 
hy  tlie  Brlilab  Becoml  .\miy  on  1.5  Aprii  194.5.  Its  inbabitanta,  of  whom  atmnt  61,000  weto 
atlii  living,  were  auffering  from  atarvatlon,  typbna,  Oyaentery,  tnbereniosis,  and  other  dis¬ 
c'd  l  Reporl.  A.  Yromana,  D.  H.  CIrnwDi,  C.  J.  D.  Zanroartla.  R.  A.  Phllllpa.  awl  I.  C.  Kardm, 
to  Ihr  Director  of  the  rnltrd  Sratea  of  .\merlca  Typhoa  Cemmlanloa.  Joljr  1945.  auhject:  .tetlvltlea 
of  the  United  Statea  of  America  T/phiia  Coramlaaloi.  al  Dacfean  Concentration  Camp,  10  May  to  10  June 
104.5.  (21  Teomana.  A.:  rroareaa  In  Rtckellalal  IHaeaae  Therapy.  With  Siiedal  Reference  to  Para- 
amlnobenlolc  Adil.  Imnc-t  07 ;  aO-A.5,  Fehniary  1047. 

’•  Davte.  W.  A. ;  Typhoa  al  Belien.  I.  Control  of  the  T  ypboi  Epidemic.  Am.  J.  Hyg.  46  :  06-S3, 
Inly  1947. 
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.hin<‘.  T1h‘  iiiiiiiUm'  of  who  dipcl  wns  HI  I,  iiiul  the  cuxe  fiiliility  riite 

was  IKA”  Kefemuv  hits  b(‘eii  iuhiIp  nli'eady  to  rllniriil  iinil  clieiiiollii>ni|)euli(; 
Nl>i(lics  nitide  iit  Diiclinii  hv  iiMonlxo's  of  th<‘  Msitf  of  the  I'.S.A.  Ty|ilius  ('oni- 
iiiission.  Aeeorditi)'  to  ('oloitel  (ionloii,  iIiIk  oiiihi’eiik  of  typhus  nt  Diicliaii 
wns  “most  dillinilt  to  control  mid  the  iimisI  serious  in  its  eiiideiniolofric  |Miiieut.*‘ 

Liaison  with  Brilish  21  Army  Group 

In  nccordniice  with  it  plnii  develo|ied  hy  (teiienil  Fox  iiiul  ii|>|>n>veil  hy  the 
Pnhiic  II  enitli  Hraneh,  (<  5,  SllAKK,  for  iitili/jitloii  of  ineniUo-s  of  the  stiilT 
of  the  I'.S.A.  Ty|ihus  ('iiiiiuiissioii  ns  “typhus  consiillmits,"  ('nptiiiii  Ihirts 
(p.  24't)  wits  detnileil  first  to  SII.VKF  on  27  XoveinUu*  l!>44  nnd  iiniuediiitely 
tlierenfter  orilensi  to  the  I Iend<|unrtei-s,  liritish  21  Anny  (iroup,  ns  n  linison 
officer.  Tliis  .\rtny  trroiip  wns  eotuiMisisI  of  the  Cniindinii  First  -Vriuy  nud  the 
liritish  Secoiul  Anny,  mul  lind  as  its  sts-tor  ii  vn.st  niwi  of  northwest  F.iiroiie. 
On  2H  Novettilier,  (‘nptiiin  Dnvis  n‘|i»rte<l  tot'ol.  W.  II.  (’richton,  It..V.M.('., 
Setiior  Civil  Affairs  Officer,  Public  Ileiilth,  Ileiuhpiiirlers.  liritish  21  Army 
(imiip,  iit  Hrtts,sels.  It  was  not  until  4  .Vu>tu.st  I!»4r>,  after  !l  tnoulhs  of  helpful 
aervii'e,  that  he  left  this  iissiK-iutiou  nud  ndiirtusl  to  the  Field  Ileadtpiarters 
of  the  I’.S..\.  Typhus  ('ouuuission  nt  Pnris. 

The  iiiuisunl  stntiis  of  the  Typhus  Coiuiuissiou  ns  ii  tuiscelinneons 

netivity  of  the  War  I)e|iarlincut,  nctiiiK  under  a  Presidential  Kxw'iitive  order, 
made  ]Missihle  uinuy  iitiitsitnl  nrnuij^meuts  in  the  field  of  military  preventive 
iiKsliciiie  anioiiK  the  Allicsl  Fon'es.  This  liiiisoti  iiriiui^tiieiit  with  the  liritish 
21  Artny  (in>U|i  is  an  excellent  example  of  such  a  iMiundnry-crossiup  interun- 
thiiinl  reintionship  thniu^h  which  s<>rvires  of  f;reHt  value  were  reiidensl — iiud 
hy  n  junior  offiix’r. 

.Some  idea  of  the  si-ojie  of  the  activities  of  this  linison  offii’er  is  jiiven  hy 
the  followiiii;  list  of  captious  from  his  fiiinl  reisirt ; 

1.  .V|ipniisal  of  (indilems  ami  fonnuintioit  of  plans  of  action  linseil  iiimiii 
iits|Hs-tious  nnd  visits  in  the  liritish  nnd  ('iinndinn  Anny  areas  and  ixinliieta 
with  Ileljriau  nud  Netherhuuls  nulliorities  (2«  Novetulier  to  Ifi  Deeeiulier). 

2.  Ohtniniu);  supplies  nnd  tniininp  fiersiauiel  for  typhus  control  (111  I)e- 
eetulM‘r  I!I44  tti  21  Fehrunry  IP4.'i),  meantime  coulinuint;  ins|iectiou  triin*. 

:i.  Appraisid  of  typhus  ixiutrol  pn^n'ams  of  the  llel};inn  and  Xetherlnnds 
(ioveriuneul.s. 

4.  Tyidius  (siitirol  work  when  the  disease  appenreil  in  the  Army  area  nnd 
at  the  Uliiiie  emssin^pi  (22  Fehrunry  to  18  April). 

r>.  Cotidmtinf;  typhus  iu  the  tiermau  eonceiitmlion  ram|)s,  notiihly  Ilelseti, 
and  also  in  SninllioHtel,  Xenstndt,  nnd  Denmark  (10  April  to  :i  June  104ff). 

II.  Filial  sta)n>s  of  briu|rin^  typhus  under  eoiitrol  (:|  .lime  to  4  .Viitrust 
104.'!). 


^  Ki*|Mirt.  MhJ.  \\\  A.  DiyIn.  MC,  for  nir«»etor,  I'nltHl  HUtm  of  Am^rloi  T^rithnu  Oomnluploa 
1  IfMA.  pubjm ;  I'nllH  RIhIm  of  Amorira  Tjphnn  CommlaPlon  Ualaoii  Wllh  Iho  Rrltinh  21 

Arnty  2K  N**v.  1iM4  tn  4  Aiiit.  HHil. 
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7.  Fonnulation  of  programs  for  the  future  in  the  British  Enclnve. 

The  report  of  Major  Dnvis,  dated  1  October  1045,  concludes  in  part  as 
follows; 

The  aim  of  tblx  itragram,  na  alaled  earlier,  haa  been  to  completely  eliminate  typbua 
from  the  Urltlah  area.  To  keep  all  roaponalble  parties  aware  of  tbia  and  know  the 
principles  of  the  proeram  already  in  effect,  a  memorandum  for  distribution  from  Briga¬ 
dier  Kennedy's  offlce  was  prepared  on  20  July  (1045).  There  U  every  reOMin  to  believe 
that,  with  Hupidlea  adequate,  iterxonnei  now  trained,  typhus  nearly  extinct  in  the  areo, 
and  Ihe  defeat  of  the  Nazi  regime  which  bad  created  roncentration  campa,  roiiiplete 
victory  over  typhus  ilea  within  onr  graap. 

As  a  concluding  summary  of  this  portion  of  the  experience,  again  state¬ 
ments  by  Colonel  Gordon  are  quoted : 

Under  any  interpretation  of  governing  circumatances,  much  credit  must  be  given  to 
the  eillriency  of  recently  developed  niethoda  of  tyi>hua  control,  and  to  the  cooperative 
effort  of  army  agcm-Ien  whi<-ii  assured  they  were  executed  aiillKtactorlly.  The  vnlne  of 
deloiiaing  through  dusting  with  DDT,  and  the  uaefnlnesa  of  typhus  vaerine  were  tried  and 
tested  on  a  scale  greater  than  ever  before  and  under  conditiona  eiddemloingiially  more 
conducive  to  extensive  and  continueri  si)read  of  the  dlaease.  The  resnlla  attained  in  the 
Naples  eiridemic  were  eonflrmed  and  extended. 

The  pre-epidemic  planning  wan  the  result  of  Integrated  action  by  at  least  four  agencies, 
the  Oflire  of  the  (Thief  Burgeon,  ETO,  the  0-5  l*ubilc  Health  Section  of  8HAEF  and  Its 
lower  echelons,  the  Olllce  of  the  Burgeon  of  I2tb  Army  Group  and  the  United  States  of 
America  Tyiibna  Commission. 

No  single  factor  contributed  more  lo  the  satisfactory  end  of  the  ontbreak  (in  the 
Rhineland  and  Inner  Reich)  than  that  never  In  the  mnrae  of  the  epidemic  were  the 
fundament  1 1  supplies  of  DDT  powder  and  vaccine  lacking.  Occasional  dlfflcnlties  aroae 
In  ’.ocal  dis'rilmtion,  but  the  snpiily  system  was  sm-fa  and  the  stockpiles  so  great  that  they 
were  promptly  remedied. 

U.S.  Forces,  European  llieater,  1945-46 

iSoon  after  the  surrender  of  Germany  on  8  May  1945  (V-E  Day),  exten¬ 
sive  renrgaiiiziitions  of  commands  and  communications  zones  began  to  take  place 
to  convert  the  olijectives  of  combat  into  the  management  of  an  occupation. 
Theee  changes  had  relatively  little  effect  upon  the  basic  programs  for  the  pre¬ 
vention  and  control  of  typhus  fever.  The  well-tested  principles  and  the  les¬ 
sons  learned  during  the  previous  2  years  were  readily  carried  over  into  the 
less  strenuous  preventive  medicine  practices  of  occupation  troops  and  into 
the  control  measures  to  be  applied  among  the  civilian  population  in  concert 
with  the  performance  of  units  of  Civil  Affairs  and  Military  Government  of 
occupied  territories.  There  is  no  need  to  record  the  actiiMis  and  events  in 
detail  since  by  this  time  they  were  on  all  levels  a  repetition  of  intelligent  and 
well-drilled  arrangements  and  procedures. 

Ill  place  of  SHAEF  and  ETOX’SA,  a  new  command,  designated  USFET 
(U.S.  Forces,  European  Theater)  was  established  on  1  July  1045,  with  its 
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niiiiii  IiPiidqiiai1ei-s  at  Fr.iiikfiirt,  (irniiaiiy.  General  Kenner  Ix'eiinie  Tlieater 
Chief  Siirjfeon,  Chief  Medical  lnsno«-tor  of  all  U.S.  Ivoojjs  and  installations 
ill  rSKKT,  mid  also  Chief  Siii‘^h>ii,  'I'SFET  (Tlienter  SiTvire  For*vs.  Kiiro- 
pean  Theater).  His  pi-eventive  medicine  officer  was  Col.  Tom  F.  Whiiyne, 
MC.  At  iilKiiit  the  same  time,  the  Offiev  of  Military  Govcriiinent.  for  Gennany 
(U.S.)  |)liice<l  Miij.  Gen.  Morrison  C.  Stayer,  formerly  Chief  Surgeon, 
MTOIJSA,  in  charge  of  its  Public  llcaltli  and  Welfare  Kriiiich  with  its  chief 
oflice  lit  Frankfurt  and  a  sniiill  forward  ei-heloii  in  llcrlin.  The  1T.S.A. 
Typhus  ('oniinis.sioii  fiiiictioiied  in  ndationsliips  with  nil  of  these  organi¬ 
zations,  hilt  had  e.'iMSM!itly  close  relations  with  General  Stnyer's  office. 

On  7  September  1945,  the  Coniinis.sioii  moved  its  Fielil  Headquarters  from 
Paris  to  Frankfurt,  settling  down  finally  in  an  office,  building  at  libclist,  a  few 
miles  away.  This  office  under  Colonel  Giwloy  ns  K.xecntive  Offiii'r  was  mniii- 
taineil  in  this  location  until  itwascloswl  on  22  April  1946. 

Under  the  supervision  of  Colonel  Whnyiie  and  the  preventive  medicine 
officers  with  troops,  the  regular  measures  for  the  prevention  of  infestnt  ion  with 
lice  and  immunization  against  typhus  were  rigorously  enforceil  among  the 
American  occupying  armies.  There  wew  no  cases  of  epidemic  typhus  miiong 
U.S.  Army  jiersonnel  during  this  period. 

Only  a  few  coses  of  epidemic  typlins  occiirrtsl  among  the  civilian  |>opu- 
latioii  of  occupied  Gennany  after  the  middle  of  1945,  and  louse  infestation 
was  small.  Perhaps  the  rain  of  DDT  louse  {lowder  that  had  lieen  sprinkled 
over  millions  of  jiersons  was  the  reason  for  this  result.  The  U.S.A.  Typhus 
Ornimissioii  was  one  of  several  agencies  that  maintained  a  constant  alert  on 
typhus  and  a.ssisted  in  making  sure  that  there  were  ample  supplies  of  DDT, 
dusters,  and  vaccine  available  at  all  times.  For  instance,  the  Commission  as¬ 
sisted  in  making  the  estimate  that  the  nonmilitary  requirements  for  DDT  louse 
powder  for  the  U.3.  Zone  in  Germany  for  1946  should  provide  375  tons  of 
powder — sufficient  for  12  million  dustings. 

Tlie  Eseciitive  Officer  of  tlie  Commission  (Colonel  Greeley)  served  as  one 
of  the  chief  advisers  to  the  U.S.  Military  Government  of  the  Berlin  District 
with  respect  to  typhus  control.  At  this  time,  a  program  for  typhus  control 
among  the  citizens  and  inhabitants  of  Berlin  was  being  considered.  Colonel 
Greeley  worked  in  consultation  with  American,  British,  French,  and  Russian 
representatives  and  with  the  Chief  Health  Officer  of  Berlin  whose  Hauplge- 
tundhsUaamt  (Health  Department)  had  stations  in  all  Verwaltvmgibezirken 
(administrative  districts).  The  program  proposed  by  Colonel  Greeley  was 
adopted  without  change  and  was  issued  in  English,  French,  and  German  as 
a  public  health  directive  for  Berlin. 

Between  September  1945  and  A%ril  1946,  Colonel  Greeley  visited  Stock¬ 
holm,  Sweden;  Oslo,  Norway;  Copenhagen,  Denmark;  Prague,  Czechoslo¬ 
vakia;  and  Vienna,  Austria,  in  the  cause  of  promoting  modem  methods  of 
typhus  control.  A  brief  accoimt  of  liis  extensive  work  in  Poland  follows. 
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Poland.— Although  no  1T.S.  Anny  troops  were  .stationed  in  Poland  during 
World  War  II  or  iininedintely  themifter,  the  Mcdinil  l)e])iirlmpnl  and  rehited 
orginiiziitions  of  tlie  Amiy  were  c/meeiiied  with  the  ]>i'eVL‘iitioii  iiiid  control  of 
epidemic  typhus  fever  in  that  country  from  at  least  us  early  as  the  middle  of 
1U44  to  the  closing  of  I'.SFKT  in  liUti.  This  coiiceni  was  the  iiatuml  con¬ 
sequence  of  the  Annys  res|>oiislbilities  fur  civil  pnbiic  henllh  affairs  in  lil>erated 
countries.  It  arose  also  from  the  necessity  for  taking  ]>rec.autions  to  prevent 
tile  spread  of  typhus  from  the  historically  epidemic  region  of  Poland  into  areas 
of  western  Eurojie  which  were  occiipietl  by  the  U.S.  Army  in  concert  with 
.Vllied  Forces.  Furthermore,  typhus  control  in  Poland  was  required  to  obviate 
burdens  that  might  fall  u])on  occupying  forces  elsewhere  as  a  result  of  the 
movement  of  millions  of  refugees,  displaced  persons,  and  German  jirisoners 
of  war  fiTwn  llussia  through  Poland  to  parts  of  Germany  occuitied  by  the 
Allies. 

During  the  war,  there  had  been  hundreds  of  thousands  of  cases  of  typhus 
ill  Poland.  From  1944  onward,  Imwever,  the  incidence  decreased,  and  there 
was  less  infestation  with  lice.  Nevertheless,  in  devastated  Poland,  the  threat 
of  an  epidemic  of  typhus  caused  considerable  anxiety. 

As  early  ns  October  1944,  in  anticipation  of  the  liberation  of  Poland  by 
Russia,  a  number  of  moves  toward  typhus  control  were  started  in  the  United 
States.  There  were  inquiries  as  to  conditions,  needs,  and  means  for  dealing 
with  the  situation.  While  these  activities  were  centered  at  headquarters  of 
UNRRA  in  Washington,  D.C.,  the  Office  of  The  Surgeon  General,  the  Supply 
and  Preventive  Medicine  Divisions  of  the  Office  of  The  Surgeon  General,  and 
the  U.S.A.  Typhus  Commission  became  concerned  with  the  making  of  plans 
and  with  provision  of  supplies.  Large  numbers  of  CAD  antityphus  units, 
large  quantities  of  DDT  louse  powder  and  hundreds  of  dust  guns  (hand  and 
power  types),  quantities  of  typhus  vaccine,  and  miscellaneous  supplies  were 
allocated  to  UNRRA  for  use  in  Poland.  The  UNRRA  Mission  entered  Po¬ 
land  in  April  1945  and  was  constantly  assisted  by  these  Army  agencies. 

In  Germany,  General  Stayer,  Chief  Surgeon,  U.S.  Group  Control  Council, 
at  Frankfurt,  was  kept  informed  by  the  theater  preventive  medicine  officer, 
Colonel  Wliayne,  and  by  Colonel  Greeley,  Executive  Officer  of  the  Field  Head¬ 
quarters  of  the  U.S.A.  Typhus  Commission,  the  office  of  which  had  been 
opened  at  Frankfurt  on  27  November  1945.  At  the  request  of  General  Stayer, 
Colonel  Greeley  was  sent  on  several  extensive  trips  through  Poland  and 
Czechoslovakia.  In  Poland,  Colonel  Greeley  assisted  greatly  in  improving 
the  distribnticm  of  DDT  louse  powder  and  typhus  voocine.  He  gave  instruc¬ 
tions  and  conducted  demonstrations  of  individual-  and  masB-delousing  pro¬ 
cedures  according  to  the  latest  methods,  using  DDT  louse  powder  applied 
to  persons  fully  clothed. 

A  large  amount  of  additional  political,  medical,  and  scientific  material 
relative  to  typhus  in  Poland  is  in  the  files  of  the  U.S.A.  Typhus  Commission. 
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TYI’HLIS  IN  THE  NORTHEASTERN  MEDITERRANEAN  AREA— 
GREECE  AND  YUGOSI.AVIA.  1944-45 


Gr«*«f; 

Allli<iiif;li  (imw  in  1!M4  wns  <iiitKi<li‘  lln*  “spliori'  i)f  iiit«‘rrMt“  of  (ho 
I'niftMl  Stiilns  iiikI  whs  iidI  in  iIio  iiroii  of  MESCiiiitil  l!)4r>,  Ihn  tlirpnt 

of  ly|iliiis  on  llint  (‘tisin'ii  (iNiik  of  llio  AHinl  Kon-es  i-oioim'IIoiI  tlx* 

I'liifi^l  Stiitcs  lo  |Hirti<-i|iiito  to  a  liniitixl  «>xti‘iit  in  iiiililypinis  nclivilios  in  llnit 
oiiiiiitry.  As  ti  iiiniti'r  of  fact,  pliiiiiiiiif;  for  sni  li  parlicipation  la‘f!nn  in  ('ain> 
ns  onriy  as  .Marcli  I1I44  lliroo^li  <-on fotvofos  Im'Iwh'ii  niodical  ol1i<’iM‘S  at  tlin  Hrit- 
isli  Military  II<‘a<l<|nart(‘rs  (  Halkaiis  and  <tri‘ooe).  llio  Ofl'ur  of  tin*  (‘lilof  Snr- 
gisiii,  rSAFI.ME,  tlie  Fi«*l<l  II<>Md(|inirt*‘rs  nf  tin*  I’.S.A.  Typlnis  Commis¬ 
sion,  ami  l<N‘til  n>pn-s(*iitativ<*s  of  I'NItliA.  Tin*  Ofliit*  of  tin*  Cliirf  Siirpsni, 
M'l'OCSA,  nndor  (i<'n<*rnl  Staynr,  wlieit*  Cnloin‘l  Stoin*  wns  I*n*vi*iitivi*  Mtnli- 
<*in<‘  ()tU<H‘r,  IukI  tiiiiil  local  jiiristliftion  ovi*r  Aiiinriciiii  military  nn*4lical  work 
in  (irms-c  after  its  lilM*ration,  The  «*iipip*nn*iit  of  tlirs4*  ka’al  lipaikpinrters 
and  units  in  coiidnitin^  typlnis  in  ini  iiiipnintioniil  iin*nn  involved  in  turn 
tht*ir  nniin  <>llic«*s  in  Wasltiiifflon,  sncli  as  tin*  Oflicp  nf  Tin*  Snrjjpon  Gen- 
oiiil,  tin*  llciidipiartors  of  tin*  r.S.A.  Typlnis  Cniiooission,  I’NHHA,  FKA, 
tin*  Ainei'icnn  l{<*d  Cross,  ami,  of  course,  nil  iippn>priiit«*  liitrlier  dppnrt- 
iin*nliil  oflic(>s.  Tin*  <'lianict(*risiic  |Hitti*ni  of  <-<Mi|M*nilii>n  .iioidst  coinplexil it>s 
was  r«*|H*alp<l  in  tin*  case  of  tin*  prt*v«*nt inn  iiinl  cniiln)l  at  lypinis  in  (in*<*<*p. 

In  tin*  liitler  part  of  .S*ptcnilM*r  l!(44,  (ifwsx*  wns  lilieraltsl  from  tin*  nlro- 
ci<ais  (icrnian  <M-cn|nilion  liy  Kcitisli  F'orci*s  liiinksi  in  tin*  Atlicns-Pirarns  ami 
iiiidcr  Ct.  (ion.  Ii<daml  Min-konxio  Siiiliio,  Coiininindor  of  Allied  ()|H*nitions  in 
(ir«*»*<*e.  AlinosI  iiiinnsliiilely.  the  civil  war  Ih*I wmi  llie  lii;rlilisls  (Royalists) 
niid  llie  Xiitional  I.ilieration  Frtnit  (('oiunninists),  known  ns  Fi.V.M.  with  its 
Kiierrilla  KL.VS,  Iwann*  inlensilnsl.  Tliis;;milly  iin*mist*»l  tlie  diflicnllies  and 
liiintnTs  «f  all  o|N*ralions,  iiiclniliii^  the  iiiakin^  of  epidemiological  sorv(>ys 
mid  tin*  initiation  of  a  lypliosonitrid  |>ro;'niiii. 

IVitli  tin*  approval  of  (ienenil  Slayer,  (’apt.  (later  Maj.)  (’Iiris  ,1.  I). 
Ziimfiaielis,  MC,  of  the  staff  of  the  Field  lleinhioarters  of  the  l'..S.A.  Typlnis 
('oiniiiissioii  at  ('aim  wns  altnclieil  on  lein|Niniry  ihily  sinins  to  .Military  llemt- 
qiiiirters  (Greei'e).  lie  arrivisl  in  .\llieiis  oil  in  l)is*eiiiU*r  lt)44.  |{eciiiisB  nf 
the  slrei*l  li^'litiiijr  in  the  city  ninl  mills  in  tlie  cnnntry,  it  was  nnt  jiossilde  lo 
carry  out  surveys  for  typhus  at  the  start.  Then*  wen*  many  diflicnllies  in  se¬ 
curing  and  distrilml  iii);  supplies.  For  e.xaiiiple,  a  shtpiiient  of  Ilinison  ilnsters 
tiimeil  out  In  la*  cnin|Mised  nf  the  toy  iiualels  known  ns  “c(M'kmiu‘li  chasers.” 
.Shipments  of  DDT  and  typhus  vaccine  went  to  the  wrong  ports  or  were  lost  in 
tninsil.  Hy  streinions  work,  Iniwever.  ('aptiiiii  Zarafoiielis,  ns  the  cliief  adviser 
on  inatlers  of  typhus  cniitnil,  wns  nhlc  lo  organize  eoniniitle«*s  to  work  in  col- 
lahnnitinii  with  the  mviveil  .Ministry  of  Hygiene  to  fommlnte  and  naninein'c 

MHiittniiiiliiiii.  J.  U.  /nmfftnrllM.  M(*.  IlMith  llMi((4|iifip4«'rtt.  Ul« 

r.M.K„  lo  Hrlr*  leonn  A.  Koi,  F'Htt  |)|r<K'ti>r,  rntlnl  KtuliMi  of  Am#rU^  Tjrphtit 

4*«mDiliiiilon.  M4h*i|i»u,  llPiitHiiifrirni.  IM(.  Army  l•'r>lTrfl  Id  (lir>  MliMIr  KarI.  IM  1944, 

:  TyphUK  Hiiunllnn  in  <irpt^. 


TiTHrS  FEVER8 


2S3 


a  pro^m  for  ty]>hus  control  nmonfi'  ciTtIian»  in  spite  of  the  obstacles  of  dirt 
and  degradation.  Hy  the  time  of  his  de|>arture  on  2.3  February  ]!>45,  improve¬ 
ments  were  progressing,  safeguards  had  been  strengthened,  and  sufficient  anti- 
tyjdius  supplies  were  passing  into  Greece. 

While  in  Greece,  Cai>taiii  Zarafonctis  established  an  important  scientific 
reliitionship  with  Dr.  J.  Caminopetros,  Director  of  the  Institut  Pasteur 
Hellenique  in  Athens.  Valuable  infonnntion  and  sera  nnd  rickettsial  strains 
from  both  epidemic  and  murine  typhus  were  obtained  froun  the  Institute  nnd 
sent  to  Washington  for  study.  I)r.  Caminopetros  supplied  also  a  specimen 
of  blood  containing  his  “virus  of  lialkan  grippe.”  The  micro-organism  in 
this  specimen  was  identified  by  the  Commission  on  Acute  Respiratory  Diseases, 
Army  Epidemiological  Board,  ns  the  rickettsial  agent  of  Q  fever  (Rlckettgla 
bumeti).'''  Since  its  isolation,  this  strain  has  fjeen  used  for  important  experi¬ 
mental  work  in  the  Army. 

Yugoslavia 

The  history  of  typhus  during  World  War  II  in  Serbia,  Croatia,  and  the 
combined  countries  finally  called  Yugoslavia,  deserves  a  separate  volume.  It 
cannot  be  presented  adequately  without  accounts  of  the  fight  against  the  Nazis, 
the  civil  war  within  the  region,  the  distressing  social,  economic,  nnd  sanitary' 
conditions,  the  sturdy  moral  fiber  of  the  brave  people,  the  influence  of  leaders 
(notably  Josip  Itroz  who  became  Marshal  Tito  nnd  Head  of  the  Goveniment), 
the  strategic  plans  of  the  Allies,  and  the  pull  and  haul  of  conflicting  interna¬ 
tional  interests  which  to  some  degree  became  Bnlkanized  by  contact  with  the 
traditionally  inharmonious  relationships  in  tlie  area.  It  is  to  be  recalled  that 
a  route  for  invading  Allied  Forces  througli  this  region  was  regarded  for 
awhile  as  the  way  to  “the  soft  underbelly  of  the  Axis,”  preferable  to  some 
to  the  route  through  Italy.  All  these  matters  of  high  policy,  as  well  as  in¬ 
numerable  details  of  the  operations  of  medical  and  military  units,  influenced 
the  planning  and  actions  taken  for  the  prevention  nnd  control  of  typhus  in 
Yugoslavia. 

Obviously,  there  is  no  room  for  such  an  account  in  this  volume.  Further¬ 
more,  some  feel  that  as  there  were  no  U.S.  Army  troops  in  Yugoslavia,  there 
is  little  reason  to  devote  much  space  to  the  subject.  The  author  accepts  that 
point  of  view  and  will  reduce  the  mass  of  records  to  a  minimal  mention.'* 

CommlMloD  OB  Acute  Renplratery  Dtaeaoeo.  Araij  BpMemlolOfrtcol  DoBrd.  IdeDtineatloB  Md 
Ckaracterlotlci  of  tbe  Balkao  Grippe  StnilB  of  hmmeU.  Am.  J.  Bjic.  44 :  110-12S, 

Jul7  lft4«. 

**Fb11  docBinentatloa  aod  oubj  reporU  aboat  tjpbva  Ib  TniroalavlB  daiioK  World  War  II  are 
In  the  Ilea  of  the  U.8.A.  Tjtdiaa  CoBimlaBloB.  Tbc  Hlatorkat  TbII.  Army  Medical  Service.  SpccUl 
refercBce  la  made  to  the  folltmlnf  foldera  and  rrpnrta:  <11  See  I*.S.A.  Tjphua  CoaiiBlaaloB  flleo— 
Balkaai  1<-12  Mar.>6  Sefit.  1044:  Balkafla  11— S  Ang,  \944-U  May  1»4A.  <21  See  U.8Jt.  Typhna 

(TommlaaloB  Illei^YuvoalarU — Meiiea  of  Twelve  Beporta  by  Lt.  Col.  B.  R.  Murray,  MC,  to  Brlf.  Oem. 
lieon  A.  Foi.  Field  Director,  r.8.A.  Tyidiua  ComBilOHloB.  for  the  period  January  1045  to  15  July  104d. 
(SI  See  U.8.A.  Typbua  CominlMlon  fllei.  Field  Ileadqoartera,  Typtiua  ComnlMlon,  Headquarters.  U.8. 
Army  Forces  Id  tbs  Middle  Bast.  Cairo.  Raypt.  1045-40.  (41  Maauwript  volonie  (IST  pp.l  eatltled 

*'TurofilaTla/'  by  Capt.  A.  J.  Warlag,  MC,  oMsber  of  tbe  staff  of  the  HeadqBarten,  U.S.A.  Typboo 
ComnlMloB,  WoifatovtoB.  D.C.,  bUtorfrsl  report  written  darfaf  tbe  flrst  quarter  of  1M6. 
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As  the.  most  devastating  epidemic  of  typhus  in  ino<Iern  times  ]iad  started 
in  Serbia  in  1015,  and  as  typlius  continued  to  (x>cur  in  the  Balkans,  the 
region  of  Yugoslavia  vras  of  special  interest  to  the  U.S.A.  Typhus  Coui- 
missioii.  The  Commission,  as  well  as  Tlie  Surgeon  General  and  many  other 
Army  me<lical  officers,  was  well  aware  of  the  danger  that  typhus  might 
spread  from  tlie  Balkans  to  other  Mediterranean  areas.  In  fact,  this  did 
occur.  Although  there  were  no  Allied  troops  in  Yugoslavia,  typhus  com¬ 
ing  from  tliat  country  je<ipnrdixe<l  the  military  operations  of  the  Fifth  IJ.S. 
Army  and  other  Allied  Forces  in  southern  Italy  in  1943—14.  One  source  of 
the  outbreak  of  typhus  in  Naples  in  October  1943  was  tlie  group  of  Serliian 
prisoners  of  war  who  liad  been  confined  in  the  Poggioreale  Prison  near  that 
city.  The  continued  influx  of  refugees  from  the  Balkans  into  Italy  maintained 
the  threat  of  typhus. 

Starting  in  1043,  attempts  were  made  by  the  U.S.A.  Typhus  Commission 
to  obtain  permission  from  the  War  Department  to  place  a  typhus  control 
team  in  Yugoslavia.  These  attempts  were  blocked  repeatedly  at  the  level 
of  the  General  Staff  for  reasons  that  were  not  clear  at  the  time  to  the  med- 
icallj’  motivated  members  of  the  Commission.  I.rfiter,  it  became  apparent  that 
Yugoslavia  was  primarily  in  the  Bridsli-Russian  sphere  of  interest  and  that 
the  United  States  should  stay  out.  This  is  illustrated  by  the  following  no¬ 
tation  by  Sir  Winston  S.  Churchill  ™  in  liis  record  of  the  Moscow  Conference 
of  9-1 1  October  1944 : 

Tbe  nioment  was  apt  for  business,  so  1  said  [to  Stalin] :  ‘‘r.iet  ns  settle  about  onr 
affairs  In  tbe  Balkans.  Yonr  armies  are  in  Rnmania  and  BuUaria.  We  have  interests, 
missions,  and  agents  there.  Don't  let  ns  get  at  cross-pnrposes  in  smaU  wars.  So  far 
as  Britain  and  Bnssla  sre  coneemed,  how  would  It  do  for  yon  to  have  90  percent  pre¬ 
dominance  In  Hnmanli,  and  for  ns  to  hare  90  peieent  say  in  Greece,  and  go  OO-ijO  abont 
TogoelaTia?” 

Stalin  agreed.  This  “50-50'’  arrangement  between  Britain  and  Russia, 
leaving  out  the  United  States,  explains  why  it  took  so  long  to  get  clearance 
for  Ger.eral  Fox  and  members  of  the  staff  of  the  Commission  to  go  into  Yugo¬ 
slavia  to  help  the  {teople  there  to  initiate  modem  methods  of  typhus  control. 

Final  authorization  for  participation  of  the  Commission  in  typhus  con¬ 
trol  in  the  Balkans  was  contained  in  Radiogram  No.  WARX  81526, 14  August 
1944,  from  the  Combined  Chiefe  of  Staff,  Combined  Civil  Affairs  Committee, 
Operations  Division.  This  authorization  by  no  means  solved  all  of  the  prob¬ 
lems  and  difficulties,  most  of  which  arose  from  a  misconception  of  the  meaning 
of  the  attachment  of  the  Commission  to  the  British  Military  Headquarters 
(Balkans)  and  from  jurisdictional  conflicts  between  the  medical  establishment 
at  AFIIQ  and  Headquarters,  MTOUSA,  at  Caserta,  Italy,  and  the  U.S.A. 
Typhus  Commission  in  its  capacity  os  an  activity  of  the  War  Department. 
In  the  end,  these  were  settled  amicably  enough. 

Chsrehlll.  Wlnatoa  :  Trlumpb  and  Trairad^.  Bouton:  Houirlitnn  Minin  Company,  195S. 
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After  iiegotintioiis  with  a  nuiiilier  of  representatives  of  tl»e  Yugoelav 
Goveniineiit  in  London,  General  Fox,  Field  Director  of  the  U.S.A.  Typhus 
Commission,  met.  Marsha!  Tito  at  Helgrade  on  13  January  1945.  These  two 
men  understood  each  other  at  once,  and  the  Marshal  gave  an  approval  that  was 
never  cliange<l  for  work  by  the  Commission  on  typhus  control  in  Yugoslavia. 

The  work  was  carried  forward  vigorously  with  DDT,  dust  guns,  and 
vaccine  flown  in  by  General  Fox.  The  people  were  eager  to  learn  the  new 
methods,  were  readily  trained,  and  soon  organized  their  own  typhus  control 
units.  Beneficial  sanitary  and  scientific  results  were  obtained,  and  collaborative 
research  with  American  investigators  has  continued  for  the  past  12  years. 
The  Commission’s  team  was  withdrawn  from  Yugoslavia  about  1C  June  1945. 

It  is  regretted  that  space  is  not  available  for  tributes  to  the  individuals 
who  accomplished  so  much  under  difficult  conditions.  It  is  fitting,  however, 
to  record  here  that  one  of  the  group,  Lt.  Stafford  M.  Wheeler,  MC,  USNR,  was 
killed  when  a  landmine  exploded  under  the  U.S.A.  Typhus  Commission  jeep 
on  the  road  near  the  village  of  Zenica,  northwest  of  Sarajevo,  on  13  April  1945. 

Rumania 

In  December  1944,*"  reports  were  received  through  the  State  Department 
that  30,000  cases  of  epidemic  typhus  had  occurred  in  Moldavia  and  in  various 
places  in  Kumania.  This  presented  a  new  threat  to  the  Allied  military  oper¬ 
ations,  particularly  to  Russian  Forces  then  moving  through  Rumania  into 
Hungary.  The  situation  was  of  concern  to  the  U.S.  Military  Mission  at 
Bucharest,  to  General  Stayer,  Chief  Surgeon  of  MTOUSA  at  Coserta, 
Italy,  and  to  the  Field  Headquarters  of  the  U.SA.  lyphus  Commission  at 
Cairo.  The  services  of  the  Commission  under  General  Fox  were  requested 
for  assistance  in  organizing  typhus  control  in  Rumania  in  collaboration  with 
the  Russians.  The  Commission  provided  instructions  and  helped  to  make 
antityplius  supplies  available,  but  no  member  of  its  staff  entered  Rumania. 
Finally,  the  chief  assistance  was  rendered  by  UNRRA  from  January  to  June 
1945. 

Russia 

Several  folders  in  the  files  of  the  U.S.A.  Typhus  Commission  contain  the 
evidence  of  the  considerable  exchange  of  information  about  epidemic  typhus 
fever  that  passed  between  various  British,  American,  and  Russian  organizations 
and  individuals.  This  was  somewhat  one  sided  as  far  as  the  United  States 
was  concerned,  and  little  new  information  was  furnished  by  the  Russians  about 
the  prevalence  of  typhus  or  about  its  control  in  the  Soviet  Union.  The  gen¬ 
eral  tenor  of  their  reports  was  that  typhus  did  not  present  a  serious  problem. 
However,  the  Russians  were  glad  to  receive  small  samples  of  DDT  at  first 
followed  by  large  amounts  later,  and  they  accepted  supplies  of  Cox-type  typhus 

**For  roportu  and  «orretV'OB<l«B««  tjpliaa  Ir  RamanU,  aat  tba  fllaa  of  th«  Cnltad  SUt«a 
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ViK'ciiir.  Ill  i'(>tiirn,  they  sii|i|ilie<l  ^>111  iiiul  some  stmiiiH  of  Itirkrltxluf.  The 
liiissiiiiis  (Icrliiied  to  jiennil  ie|ireseiitiilives  of  tlie  Tv|>hlis  ( 'oiiiiiiissioii 

to  visit  UiiKsiii.  On  tlie  other  liitiul,  tlir  ('oiiiiiiissioii  in  <‘iillnlM>nilioii  with 
the  liiteniiitioiini  neiilili  Ilivision  of  the  ]to«-kefoller  Foiiiii'.atioii  broiiglit  to 
this  roiiiitry  for  n  visit  histiii);  4  ni<iiiths  the  (1istiiipiisIio<l  liiissioii  virolni;ists 
Dr.  Aiiiitol  A.  Siiioro<liiitsev  »ii<l  Dr.  Viilentiiie  I.  Soloviev.  'I'hey  l■llllle  from 
Moscow  hy  way  of  Ciiiro  mid  were  in  the  (’nite<l  Stiiles  from  Miircli  to  June 
11)44. 

EPIDEMIC  TYPHUS  IN  U.S.  ARMY  FORCES,  PACIFIC— JAPAN 
AND  KOREA,  1945-46 

lit  III!  nmjor  res|>c<‘ts,  the  e.x|>erieii<‘e  of  the  Army  witli  epideniic  Iniise- 
liome  tyjihiis  in  the  Fur  Knst  wns  similar  to  its  contest  with  the  disease  in 
North  Africa,  Italy,  and  Kiimiie.  By  the  niipliciitinn  of  the  well-known  jirin- 
ciples  and  iirocediires  wliieli  lisd  lieen  jmA‘e<l  to  be  effective  in  NATOUSA 
and  KTOUSA,  excellent  prevention  and  coiitml  of  typhus  anioiif;  military 
persinniel  were  acliievetl  in  I’SAFPAf’  (U.S.  Army  Forces,  Piicific).  The 
Iteiieral  ocenrrence  of  the  disease  iiiiioiif;  the  civiliim  ]a>piih)t ions  of  Japan 
nnd  Korea,  and  its  rise  to  a  se\'ei'e  epideniic  in  Jiipuii,  created  envinannentnl 
daiiftei's  for  the  troops  stationed  in  the  niiiLst  of  the  alniost  iia'redible  nii|tra- 
tions,  di.stress,  nnd  diaorfrnnizatinn  of  the  Jn|Ninese  {leople. 

As  in  the  other  theaters  of  oiierathais,  there  were  only  a  few  mild  cases  of 
ty|ilnis  ninoii0  the  troojis  while  there  were  tlioiisnnds  of  cases  union;;  the  natii’e 
civilians.  Hence,  the  control  activities  weiT  tlirected  primarily  against  civil 
conditions.  In  carrying  out  this  work,  howei’er,  the  military  and  their  asso¬ 
ciated  medh-al  units  Ixire  the  bnnien  of  the  task.  Tlie  main  types  of  the 
imrtici|>nting  organizations  were  the  same  ns  thnse  engiiged  on  the  otlier  side 
of  the  world.  The  chief  differences  were  in  the  conifMisitifai  mnl  orgt.’dzation 
of  the  U.S.  Army  Forces,  the  characters  of  some  of  the  coinniamling  person¬ 
alities,  and  the  fact  that  the  war  was  over  when  combat  of  the  disease  had  to 
lie  undertaken  hy  a  military  force  whose  olijective  was  the  demilitarization  and 
occupation  of  the  country  of  a  defeated  enemy. 

An  individuality  of  these  antityphns  activities  developed  naturally  from 
the  iMH-nliarities  of  their  Asiatic  setting.  It  is  regretted  that  the  voluminous 
records  must  be  reduced  to  such  a  Imre  siinimary  <n  this  chapter  that  their  flavor 
will  be  largely  lost. 

The  U.K.  Army  Forces,  Pacific,  made  its  first  contact  with  epidemic 
Iniiselionie  typhus  in  Japan  and  Korea  as  soon  as  tlie  occupation  began  on 
Septenilier  IM.'V.  Tlie  Kiglith  II.S.  Army,  occnjiying  the  northern  half  of  the 
ishiiiil  of  lloiisliii,  moved  into  an  area  which  had  been  infecteil  hy  Korean  slave 
laborers  who  had  es<'H])ed  from  the  coal  mines  on  Hokkaido  in  .\ugiist  and 
ciirrieil  tlieir  lice  ami  typini.s  IUrkfffnia  with  them.  The  Sixth  U.S.  Army, 
occupying  the  soiitheni  half  of  Hoiislin,  was  less  exposed  to  the  disease  during 
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tlie  Iasi  iiifuitlis  of  1945  lipfore  it  was  inactivated  at  the  end  of  the  year.  The 
XXIV  Corjis  iiiinle  coiitnct  with  typliiu  in  Korea  when  its  advance  party 
liiinleil  at  Jiiiseii  on  8  Septenilier  1945. 

These  forces  wei-e  not  uiiprppiire«l  to  cope  with  epidemic  typhus  although 
they  Inid  not  lieen  ex|Hise<l  to  it  during  their  previous  ciiinpaigns  from  New 
(tiiiiien  tlii'oiigh  the  I'hilippiiies,  from  194:t  t'>  tlie  middle  of  1945,  nor  were 
r.S.  .Vnny  |>ersniiiiel  e.x|Mised  to  typhus  during  the  Okinawa  campaign  from  1 
April  to  22  June  im.5.  The  soldiers  had  been  iinniunizetl  with  improved 
typhus  vnirine,  were  well  supplied  with  DDT  louse  powder,  were  instructed 
in  iiersoniil  hygiene  and  wnrned  against  risks,  and  were  free  from  lice. 

Japan 

1‘hinning  for  the  invasion  of  Japan  ,^0])emtlon  OLYMPIC),  iniensiKed 
in  July  194.5,  included  provision  for  defense  against  epidemic  typhus.  Medical 
and  inilitiiry  liead<|uurterK  ainl  all  appropriate  units  in  Washington  and  Manila 
gave  careful  consideration  to  methmis,  means,  supplies,  and  |>olicies  for  the 
prvventioii  and  control  of  typhus,  not  only  among  invading  troops  hnt  also 
ninong  the  .liipiiiiese  aixl  Korean  |>eople.  Even  licfore  .lune  194.5,  thought 
hiid  Ins'll  given  in  the  0-1  (Personnel)  Section  of  USAFPOA  (I'.S.  Army 
Forces.  Pacific  Ocean  A  reas)  to  the  possible  needs  of  Civil  Affairs  and  Military 
( roreninient  for  antityplins  supplies  for  use  in  Japan  and  Korea,  in  preparation 
for  the  time  when  civil  affairs  phiiiiiing  would  be  taken  up  by  USAF'PAC  in 
Manila. 

To  present  the  full  account,  the  periml  to  lie  covered  by  this  section  must 
l'«  extended  to  1  July  194(1.  The  main  sources  to  be  utilized  are  listed  in  the 
footnote."' 

During  the  jieri'Kl  from  1  June  194.5  to  1  July  1946,  the  principal  IJ.S.  mili¬ 
tary  and  Jii|miiese  civilian  organizations  that  weiv  ooncented  with  typhus  con¬ 
trol  in  I’SAFPAC,  with  spexrial  reference  to  Japan,  together  with  brief 
indications  of  their  activities,  were  as  follows; 

1.  I’.S.  Army: 

a.  Ktffhtk  F.S.  Army. — In  July  1945,  the  Army  Surgeon,  Hrig.  Gen. 
George  W.  Kioe,  recognized  that  typhus  would  cmistitute  a  definite  hazard, 
not  <Hil\  tc  troo|)s  lint  particularly  to  civilians.  He  made  plans  for  using  his 


I  Anuniil  K^»>  rt,  Murirpoa.  RIjrlith  Arm/.  1M6.  (2>  Public  Hvaltb  BDii  Wrtfnra  1b  Japan. 
llrnJiiuartrn'.  Ruprpina  ('amnaailar  for  tha  AlUad  Powrrt,  PnMIr  HMlth  and  Welfare  Sartlon. 
(A  iilatnrii-al  harkicraind  and  iimnrrrndrr  •talar  of  hraltli  and  wolfara  In  Japan.  In  addition  to  ■ 
fartanl  rrrirw  of  tbr  |tnHiran»  naila  froa  tbr  bridnalnn  of  tbo  occupation  through  31  Dec.  IMA. 
Ibrlutlrd  tlirrrln  an  an  Annex  (In  two  parta)  la  a  ProrMoBal  Kuainarjr  of  Health  fltatlatica  fnr  IMK 
ta  iBrx  and  ebarta)  and  a  ffnaiiiiarj  iif  Hlatorlcal  Health  Data  4lablaa>  for  Jaimn  corcrlnit  Ibc  period 
prrpa^fd  omlor  thr  dlmrtlmi  of  Col.  Crawford  F.  Rama.  MC.  ('hlcf.  Poblle  Health  and 
Welfare  H«-<*tlna  (HrAP).]  (31  Rcurllle.  A.  II.:  Kpldralc  Tfphua  Ferer  In  Japan  and  Korea.  In 
Klrkrttalal  tHaenaea  of  Han.  Waatiloatoo :  Anterfcan  Aaaoclatton  for  the  Adraaceownt  of  Science, 
IMh,  |*|k  2R-Rt.  (4)  KIlea  of  Ihe  L'nlted  State*  of  America  T/pbua  Conimlaalon  on  deposit  la  The 
lIlRtorlral  rnlt,  Annjr  Uedlcnl  Rerrlce.  Includlna:  Report  of  U.8.  Armj  Porrea  In  the  Padfle.  Field 
Hradiiuartera.  Tjrphua  Commlaalon,  hr  MaJ.  T.  O.  Berfe,  SnC,  HaJ.  F.  K.  Blantoii,  Kn(\  MaJ. 

F.  W.  t'hdrpennlna.  HAL\  lat  U.  M.  C.  Oepbardt,  HC,  MaJ.  A.  R  Scorllle.  MC.  and  Lt.  <*ol.  C.  M. 
Wheeler,  SnC.  2fl  Ma/  IMA. 
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malariii  control  iinils  for  t3’plius  control,  to  supply  medical  officers  for  this  pur- 
IKHse,  to  train  jarsonnel,  mid  to  nctpiire  supplies  of  typhus  vaccine  and  DDT 
louse  iKiwdcr.  These  plans  were  effectively  curried  out  in  Japan  in  accord¬ 
ance  with  that  part  of  the  medical  mission  of  the  Ki^lith  U.y.  Army  which  was 
to  provide  and  supervise  a  preveiitiie  medicine  program  for  the  occupation 
forces. 

b.  General  I/crulquarfern,  Arm;/  Forres,  Facifir.  — In  June  1945, 
the  Chief  Surgeon,  llrig.  Gen.  Guy  B.  Denit,  and  his  chief  preventive  medicine 
officer,  Col.  Mil  m  ice  G.  Pincoffs,  MC,  at  their  office  in  Manila,  had  to  deal 
with  l  ast  jtrobleais  of  jaihlic  henltli  in  the  Philippines  while  preparing  for 
the  medical  suppoi  t  of  the  invasion  of  Japan.  Throughout  the  next  12  months, 
close  liaison  was  maintained  with  Preventive  Mwlicine  Service,  Office  of  The 
Surgeon  General,  ami  with  IIead(|iinrters,  I'.S.A.  Typhus  Commission  at  Wash¬ 
ington.  Shortly  after  the  surrender  of  Japan,  the  Office  of  the  Chief  Surgeon 
movetl  from  Manila  to  Tokjo  with  General  Headquarters,  USAFPAC  (Ad¬ 
vanced),  ill  the  latter  part  of  August  1945.  This  office  became  an  important 
coordinating  center  for  typhus  control  in  the  Far  East. 

c.  The  U.S.A.  Typhus  Commission. — With  the  approval  of  the  War 
Department  ami  the  theater  of  o^ierations,  in  June  1015,  a  Field  Headquar¬ 
ters  of  the  U.S.A.  Typhus  Commission  was  established  in  USAFPAC.  Col. 
.Joseph  F.  .Sadu.sk,  MC,  as  Executive  Officer,  arrived  in  Manila  on  28  June 
1945,  organized  the  office  as  an  attachment  to  the  Office  of  the  Chief  Surgeon, 
General  Headquarters,  USAFPAC,  and  later  moved  this  Field  Headquarters 
to  Tokyo,  still  attached  to  General  Headquarters,  USAFPAC,  Advanced 
Echelon  of  the  Office  of  the  Chief  Surgeon.  The  CommissionV.  office  was 
oi»ened  in  the  Dai  Ichi  Building  in  Tokyo,  Japan,  on  October  1945,  where 
it  remn  iiied  until  it  was  closed  on  15  )Iay  1946. 

The  status  of  the  Commission  ns  a  War  Department  activity  authorized 
by  the  Presidential  Executive  Order  No.  928.'i  had  been  established  in  the  usual 
way  b}'  notification  radioed  to  the  commanding  general  of  the  theater 
(USAFPAC),  with  request  for  logistical  support.**  The  Field  Headquarters 
of  the  Commission  in  USAFPAC  functioned  much  as  did  the  Field  Head¬ 
quarters  'n  other  tlieatersof  operations, except  that  the  personnel  wai-  more  than 
customarily  engaged  in  direct  activities  of  typhus  control. 

In  addition  to  participating  in  and  supervising  typhus  control  activities 
thronglioiit  Japan,  the  members  of  the  Commission’s  staff  helped  to  establish 
policy,  drafted  circular  letters  about  typhus,**  trained  American  and  Japanese 
personnel  in  modem  methods  of  delousing  and  typhus  control,  gave  lectures 
to  Japanese  ^Toups,  prepared  estimates  of  needs  for  supplies,  facilitated  ship¬ 
ments  of  supplies,  and  conducted  scientific  investigations.  The  Commission 


■■Kadlofrim  >'s».  WAK  93033.  WAECCeP.  OperatH/fii  PItIiIoo.  Wai  P^pArtmeat  General 

Staff*  to  Comaieoder  In  Chief.  ArniF  Force*  PadSc  ComnuDd.  Mmlli.  P.f.»  dnted  21  Auf.  IMS. 

*(!>  Clrcnlnr  No.  S2,  GeBeroa  HeodfBortero.  UJB.  Amir  Force*.  PadAc.  2  Attf.  124d.  oobket: 
InnaAlutlon.  (2)  ClrrtUr  No.  78,  Oenoral  Bmfkoorter*,  Amr  Foree*.  Pnelfle.  28  Sept  1245, 
srbject :  InnanisAtlob.  (8)  Circular  XiCtter  No.  46.  Oflke  of  tlK>  Chief  Surgeon.  General  Headquarter*. 
U.8.  Army  Force*.  PaelAc.  12  Nor.  1945.  aabject :  l.oafie*Pon!e  Typho*. 
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collaborated  to  the  limit  with  nil  a)R‘iicies  concerned  with  the  prevention  and 
control  of  typhus  fever. 

d.  Pvhlir  Health  and  Welfare  tsection.  General  Ileadquarten,  SGAP 
{Supreme  Commander  for  the  Allied  Powern). — In  General  Headquarters, 
USAFPAf',  General  Order  No.  i!24,  dated  4  October  1945,  the  discontinuance 
of  the  Military  Government  Se<'tion  was  aiinounce<l.  In  General  Headquar¬ 
ters,  SC\P,  Geiienil  Order  No.  1,  dated  2  Ootoljer  1945,  the  establishment  of  a 
“General  Headquarters  of  the  Siqu'eine  Coiiiiiinniler  for  the  .Vllied  Powers” 
was  announced  by  General  MiicArthur.  'Fliere  followed  a  series  of  General 
Orders  of  wi.ich  No.  7  estnhlishetl  the  Public  Health  and  Welfare  Section, 
SCAP.  Colonel  Sams  wiis  as.signe<l  chief  of  this  Section  and  I'ecame  the  chief 
health  officer  of  .Inpan.  While  the  Field  Headquarters  of  the  U.S.A.  Typhus 
('onimiasion  remained  ntta<‘hed  to  the  Office  of  the  Chief  Surgeon,  General 
Headquarters,  L’SAFPAC,  it  had  constant,  cordial,  and  fruitful  collalmrat ive 
■■elatiousiiips  with  the  Public  Health  and  Welfare  Section  of  S('AP. 

2.  Japanese  oi^nizations; 

a.  MkiMry  of  Health  and  Welfare. — ^“Prior  to  the  termination  of  the 
war.”  according  to  Colonel  Sams,'‘  “anch  health  and  welfare  activities  as  e.xisted 
in  .Tnpiiii  wei-e  primitive  in  nature  and  ineffective  in  practice.  A  Ministry  of 
Health  iiml  Welfare  was  established  in  1938  ♦  *  *.  Within  the  prefecinral  or 
state  organizations,  health  sections  were  in  most  instances  under  police  control. 
On  the  local  level,  such  health  and  sanitation  activities  as  existed  were  carried 
out  by  the  |iolic«  and  the  neighborhood  as.sociations  •  •  *.  Health  Centers 
had  been  established  in  1930,  but  these  were  primarily  advisory  clinics  for 
tuberculosis  and  child  hygiene.  These  Centers  had  neither  the  organization, 
staff,  nor  authority  to  carry  out  public  health  functions  as  considered  necessary 
in  a  modern  public  health  program.” 

b.  Government  Institute  of  Infectiowt  Dhea«e». — Good  relations  were 
established  between  the  U.S.A.  Typhus  Commission  and  this  Japanese  scien¬ 
tific  institute.  Through  this  connection,  both  before  and  after  the  406th  Medi¬ 
cal  General  Laboratory  was  set  up,  serol<^ical  surveys  were  conducted,  strains 
of  Rickettsiae  were  identified,  and  the  production  of  typhus  vaccine  in  Japan 
was  encouraged. 

c.  Industrial  plants. — CoUalioration  with  the  Nippon  Soda  Co.,  and 
similar  firms,  led  to  the  independent  production  of  DDT  and  manufacture  of 
DHr  louse  powder  in  Japan  in  1946. 

From  this  point  on,  conditions  and  antityphas  activities  will  be  described 
without  a  close  appraisal  of  the  work  and  contributions  of  the  various  orga¬ 
nizations  and  individuals  just  mentioned.  It  was  a  genuinely  collaborative 
undertaking  and  will  be  treated  as  such. 

The  epidemic  of  1945-46 

Although  the  risk  of  typhus  in  Japan  had  not  been  minimized  during 
the  planning  period,  its  extent  had  been  misjudged  and  its  effect  was  com- 
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|Kiiiiiil«>(l  by  some  iiiistiikes.  The  extreme  disortrnnixiilion  of  eivil  iitfuirs  in 
•lii|)iiii,  the  hordes  of  tlis|ihi<-e<l,  re|Hitriiiteii,  iiml  wiinileriiif;  |>e«)|)le  moving 
alNiiil  the  vtiiiiitry  mid  |Kiiiriug  in  from  Komi,  iind  tlie  luck  of  siijiplies  occii- 
sioned  by  tlieiiter  (Kilicy,  coiiflictiiig  orders,  iiml  viignries  of  slii|iinents  lind 
not  Insmi  iiiitici|)nted.  Ty|ihns  got  out  of  hand  mid  the  most  seven*  epidemic 
of  the  disease  in  ii  half  century  ninoiig  the  .liipanese  jieople  iM-ciirred  in  the 
winter  of  lIH.'i  anil  spring  of  ]!l4t>.  Allhoiigli  lliis  oiitbnaik  Inid  not  lieeii 
aiiticipaleil,  it  was  siippresseil  so  pnaiiplly  lliiit  tin*  acliievemeiit  constitiiteil 
another  iriinii|)h  of  nuMlerii  niilitiiry  pnweiitive  iiieiliciiie  rmiking  witli  tlie 
exploit  of  Naples. 

Mefore.  the  .Vliiericaii  <>ecii|>ntiou,  the  rr|H>rtiiig  of  riis»*s  of  typhus  in 
Japan  was  iinsiitisfaetory  liei'aiise  lioili  epidemic  uiid  iimrine,  and  sometimes 
tsntsngmnnshi  disease  (seriih  typhus),  were  included  under  the  single  name  of 
“tyiihns.'’  The  statistics  are  lo  Ih*  considered  iis  ap|iroximate  iiidinitors  of 
trends,  iilthoiigli  (he  :il,(s>0  niid  iiioiv  cases  in  niv  to  lie  regiirdetl  lus  pre- 
doniimmily  epidemic  lonselMtme  lypliiis.  Tlie  statisties,  for  what  they  are 
wortli,  for  the  years  l!l41-4«  Mi's  presi*iited  in  table  :$7,  iiml  shown  graphirally 
for  the  .veld's  l{i4l-4fi  in  chart  13. 
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<Mni(|fl«d  by  Mihtnartlnn  ofrwMead  desihs  from  dtaeam  <MT«b  typhue)  end  by  leMlmkiiMinf  nlMJ 

The  preiUsposing  conditions  were  those  of  the  traditional  iMekgnnmd  of 
a  typhus  epidemic.  Tliere  was  a  serious  sliortuge  of  liotising  due  to  tlie  eessa- 
tion  of  hiiilding  dining  the  war  and  the  destruction  of  dwellings  by  iNmibiiig. 
Slaiiy  |iersiiiis  were  lionieles.s.  thie-faniil.v  liiNnes  became  nmii.v-fainily  sliel- 
ter-.  Tlie  Iniiising  shortage  and  the  shortages  of  fisid  were  aggravated  li.v  the 
|Mistwiir  influx  of  tlioiisands  of  re|iatriates  retiiniing  to  Jaitaii  from  Korea, 
Miiiirliiiria.  ('Iiina,  and  tlie  Pliilippines.  Tlimi.saiuls  who  had  movetl  to  tlie 
countryside  to  avoid  bombings  were  returning  to  tlie  overemwiled  cities,  Tlie 
t rails] Mirtai ion  sy.steiin'  were  overta.xeil.  Tiaiiis.  siibwavs.  streetcars,  and  buses 


!  of  typhut  in  Japan  from  Janaary  HHt  to  May  1940,  thotcing 
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were  so  crowded  that  lice  and  louse  feces  conhl  be  transferred  easily  from  i)er- 
soii  to  js'i-son.  Personal  cleanliness  was  well-nigh  impossible  because  of  lack 
of  soap  and  bathing  facilities.  I.K>usiiies.s  increased.  There  were  inilliun.s  of 
migrants,  including  typhus-infested  people  from  Hokkaido  and  other  places, 
coming  into  the  repatriation  ports.  Tlie  Japanese  public  health  (le|)nrtiiienls 
were  incapable  of  coping  with  tlie  sitiuition.  Phy.sicinns  and  civilians  gen¬ 
erally  were  apathetic  regarding  public  health  and  epidemic  control.  .Vnti- 
typliiis  s(i]>]>lies  were  inadequate. 

During  th-.'!  first  week  in  November  11)45,  150  cases  of  typhus  fever  wei’e 
reirorted  from  the  ishind  of  Hokkaido  and  a  few  sporadic  cases  in  noiihern 
Honshu  probably  attrihuUible  to  infected  Korean  coal  miners  who  had  eseape<l 
from  the  mines  at  Y&hari  during  August  1945.  Extensive  delousing  with 
DDT  and  the  adr.iinist  ration  of  typhus  vaccine  brought  this  outbreak  under 
control  quickly,  and  s[)read  of  the  disease  was  prevented  by  qnarnntine  of 
Yubari. 

During  December  1945,  outbreak.s  of  epidemic  typhus  bepin  to  occur  in 
three  widely  separate<l  areas  of  Japan:  namely,  Yanuigatn,  Osaka,  and  Tokyo. 

In  Yamagata  Prefecture  in  north-central  Honshu,  typhus  fever  occurreil 
in  some  of  its  mountain  villages  among  Japanese  recently  repatriated  from 
Korea.  Delousing  an<l  other  control  measures,  including  quarantine,  cut  the 
outbreak  short  and  prevented  the  spread  of  the  disease  to  otlier  areas  of  Japan. 

Tlie  outbreak  in  Osaka  originated  in  one  of  the  city  jails  in  mid-Janiiary 
1940.  The  case  was  not  re|K)rted  for  2*4  weeks.  Following  the  release  of  this 
man  and  his  fellow  prisoners,  widespread  dissemination  of  lice  and  infection 
took  jilace.  Ineffective  focal  delousing  was  useil  at  first,  l»nt  as  the  number 
of  cases  increaseil,  ma.ss  delousing  was  added  to  contart  and  zonal  deloiising. 
Tlie  outbreak  reached  a  peak  of  1  JMlrt  eases  reportwl  in  the  first  week  in  Mareli 
1940  Thereafter,  it  decreaseil  rapidly.  Before  control  was  established,  how¬ 
ever,  typhus  spread  from  Osaka  to  other  portion.s  of  ,Tapaii,  especially  to  the 
neighboring  cities  of  Kobe.  Kyoto,  and  Nagoya.  Tlie  disease  spread  also  from 
Osaka  lo  Tokyo  and  then  to  Nagasaki  in  southern  Kyushu  and  to  Aomori  in 
northern  Honshu.  An  outbreak  of  typhus  fever  in  Yokohama  undoubtedly 
originated  in  Tokyo,  as  did  a  small  outbreak  in  Nikko. 

Tlie  graphs  of  the  epidemics  of  typhus  in  Osaka  and  Tokyo  in  194t>  are 
shown  ill  chart  14. 

.Viilityphus  supplies,  which  luid  been  lieki  up  by  conflicting  tlieater  orders, 
began  to  arrive  in  goorl  quantities  in  January  I'.Mt),  as  tlie  result  of  tlie  inter¬ 
vention  of  tlie  U.SA.  Typhus  Commission.  Teams  of  .4jnerican  military 
personnel  and  Japanese  civilians  were  oiganiard  and  trained  by  the  staff  of 
the  .V.  Typhus  Commission  and  other  organizations.  A  modem  control 
program  was  enforced  vigorously  in  the  iiifected  cities,  areas,  anil  at  10  main 
ports  through  which  more  than  2  million  refiatriates  were  pnN-esseil.  The 
control  measures  were  essentially  tlie  same  as  those  that  had  lieeii  applied 
suores-sfiilly  in  Naples  and  in  the  Khiiieland.  It  is  not  necessary  to  describe 
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Chart  14. — Reported  cate*  of  typhus  fn  the  outbreaks  of  epidemic 
ty^-hus  at  Osaka  and  Tokyo,  Japan,  Januaru-May  19.(6 


Number 


JAN.FEB.MAR.  APR. MAY 


them  a^iti  here.  Some  variations  occurred  naturally  to  suit  the  local  situa¬ 
tions  in  Japan. 

The  epidemic  reached  a  peak  of  approximately  2,4^  cases  reported  in  the 
week  ending  6  April  1946,  when  a  total  of  15,335  cases  had  been  reported  since 
the  tirst  week  in  January.  Thereafter,  with  some  ups  and  downs,  the  epidemic 
declined,  and  was  regaide<l  as  being  definitely  under  control  by  the  early  part 
of  Mn}'.  This  was  alxiut  a  month  earlier  than  might  have  been  anticipated 
from  the  usual  seasonal  decline  of  typhus  in  Japan.  Although  the  available 
statistics  are  neither  complete  nor  reconcilable,  it  is  reasonable  to  estimate  that 
about  20^100  cases  were  reported  during  the  period  from  November  1945  to 
30  June  1946,  and  tliat  the  total  number  of  cases  of  typhus  reported  among 
Japanese  civilians  for  the  year  1946  was  31,110,  as  stated  by  Colonel  Sams. 

Clinical,  epidemiological,  and  laboratory  studies,  including  isolation  of  ff. 
froKtiMeki  from  the  blood  of  patients,  and  positive  results  of  specific  rickettsial 
oompleinent  fixation  reaction  proved  that  the  epidemic  of  1945-40  was  classical 
hmsebome  typhus  fever. 

Typhus  in  military  personnel  in  Japan 

The  protection  of  U.8.  Army  personnel  against  tyjihus  was  highly  effective 
in  the  midst  of  considerable  exposure.  The  men  were  well  immunised,  louse 
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free,  ])rovide<l  witli  DDT  Iouhc  powder,  warned  afpiinst  risks,  and  kept  away 
from  known  foci  of  infection.  During  tlie  first  6  months  of  1046,  when  the 
disease  was  epidemic  among  civilians,  only  12  cases  of  louseborne  typhus 
were  reported  in  military  personnel  of  the  occupation  forces.  Two  more  cases 
(one  of  which  was  that  of  an  officer  of  the  U.S.A.  Typhus  Commission  who  con¬ 
tracted  the  disease  from  infected  dust  at  Yubari)  liad  their  illnesses  in  the 
continental  I'nited  States,  luiving  been  flown  from  Japan  into  this  country 
while  they  were  in  the  incubation  |ieriod  of  the  infection.  These  14  eiises  are 
not  liste<l  in  tiil)le  3.1  because  they  occurred  after  tlie  close  of  the  statistical 
]ierio<l,  1042-4*1.  Most  of  these  cases  were  niild,  ns  was  to  have  been  expected 
in  vaccinated  men.  There  were  no  deaths  from  typhus  fever  in  this  group. 

Korea 

IMien  the  advance  party  of  the  XXIV  (’orps  landed  at  Jinsen,  Korea,  on 
8  .September  1045,  it  was  known  that  the  troops  would  be  exposed  to  epidemic 
typhus.  At  that  time,  however,  the  <legree  of  prevalence  of  the  disease  in 
either  the  whole  of  the  country  or  southern  Korea  l)elow  the  38°  parallel  of  lati¬ 
tude  was  not  accurately  known.  Mliile  all  the  usual  precautions  and  protec¬ 
tive  measures  were  taken  from  the  start  of  the  occupation,  surveys  were  quickly 
gotten  underway.  These  surveys  and  future  control  ]>rogmins  based  Hix>n 
them  were  carried  out  thoroughly  by  constant  collaboration  between  the  Office 
of  the  Surgeon,  XXIV  Cor|»s,  the  Public  Health  mid  Welfare  Section,  Gen- 
enil  Headquarters,  .SCAP,  and  the  F.S.A.  Typhus  ('ommission.  Full  infor¬ 
mation  on  this  subject  can  be  found  in  the  dix-uments  listeil  in  the  footnote."* 

The  incidence  of  reported  cases  of  typhus— epidemic  included  with  about 
20  percent  murine  typhu.s — in  southern  Korea  by  years  from  11H2  to  :jt)  April 
1946  w.ns  as  follows:  1942, 2,385  cases;  194.1, 8,050  cases;  1944,  5,145  cases;  1945, 
14,130  cases;  and  1946  through  30  Ajiril,  3,674  cases.  The  approximate 
seasonal  distribution  of  these  cases  is  shown  in  chart  15.  There  was  an  annual 
rise  starting  in  Noveiiiliei'  reaching  a  )>eak  in  May,  and  declining  to  almost 
zero  in  July. 

Tile  situations  were  manageable  and  were  well  handled  in  accordance  with 
the  established  principles  and  procedures  for  typhus  control  that  have  been 
describe«l  at  length  in  antecedent  sections  of  this  chapter.  They  were  varied. 


**  4 1 1  Bre  81  1 1-41,  p.  SS7.  (SI  MeMoraadvai.  CM,  Jowpb  F.  Jr.  ExmitlT#  OA* 

err.  I'.M.A.  T^phiiM  f'liaaiMtiii.  WM  HMi^SMitriii.  Tokyo,  for  Chief  Bnnpewa,  Uraeral 
IMl.  Anojr  Porcro.  ParlSr,  ST  Ort.  ISfft.  ovkierr!  Befiort  om  Typlmo  Borroy  la  Korra.  (81  Mrwr- 
niiMiuoi.  I<f.  Col.  Charlm  M.  Wkrrlrr,  Rxoriitlvr  Oilror.  r.8.A,  Tyt»biio  ComMliothMi.  for  Cbtrf 

Koricroa.  fSoneml  Hi-oilifttortrrB,  T.B.  Arviy  Porero.  Parllle  (Adrl,  St  Thv.  IBl^.  ralijort:  Report  •f 
I’.B.A.  TypliOii  CooioilHihio  ArflrltWw  |y  K«>n-a.  l4>  Rvoeotlol  Terkolval  Sfrdiml  Ikitfl.  l*.fl.  Anny 

Porreo.  I^arllk*.  for  Noromhor  IBM,  dotid  IS  Jov.  iBfC  IS)  HeportB  frooi  OAre  of  the  Borpv'oa 
(Col.  WlIlloM  Wllllii.  M(')f  llr^td^oArtero,  XXIV  (%ir|<«:  (11  (jwirtorlj  Borpeoa.  XXIV 

Corps.  r8APWI>:KI*.\(*.  1  (M.  IMS-Sl  Ikee  IBM.  (SI  Report.  (*oL  W.  V.  WUIfn.  MC.  Borproo. 
XXlV  ('nrpo.  to  (*liWf  Korteoa.  r.B.  Aray  Ptirrm.  1  Ort.  IBM,  Bokifrt :  Hlmory  of  Mrdtral 

AHIrltlew  i»r  ABCtlU  fmai  1  Jmm.  IBM  to  1  Apr.  1B4B.  (Si  Aodoal  Report.  BorpMa  XXIV  Corpo.  1B4C 
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Chart  13. — Hcforted  eaiei  of  typhus  Jn  Koreo,  I94i  through  April  1940 

Number 


of  course,  to  suit  local  conditions  and  the  processing  of  millions  of  repatriates 
and  refugees,  but  these  variations  need  not  be  recounted  here.  The  good 
results  achieved  were  succinctly  stated  by  Scoville.** 

Dnriiv  tlie  scaaon  lMS-48,  altbouch  cases  of  the  disease  were  reported  from  all 
sections  of  the  American  Zone,  no  large  scale  ontbreaka  of  t]n>Mw  ferer  occurred  In  anj 
Korean  eitr.  Two  reasons  for  the  fallare  at  large  epUnnics  to  develop  la  this  coontrr 
are  apparent  First  was  the  Instrnettoa  peogrtas  of  typhns  control  tnstitoted  early  la 
Norember  IMS,  by  the  XXIT  Corps,  UiUiary  Ooreegamwt  and  the  United  States  of  AoMrlca 
T^phna  Commlseloii.  In  this  program  every  city  which  had  been  or  was  likely  to  be  a 
locoa  of  typhus  was  visited.  In  eadi  of  these  eltiea,  both  Koesan  and  Amerlcaa  personnel 
were  taught  typhns  control  procedntes  so  that  potential  eptdcnilcs  could  be  fbcestalM. 
Seennd,  in  the  Urge  Htlea,  all  foci  of  typhus  fever  darlag  prevlona  yearn  were  dema rested 
and  the  inhabitants  of  three  areas  were  vacclaated  srlth  typhaa  vaeclae  and  delanasd 
with  DDT  at  monthly  latervaU.  Altbongh  most  of  the  eases  of  typhus  fever  which  oc. 
enrrrd  In  the  Aiscrleaa  Zone  were  Infected  la  aorthetn  Koeca  and  Haacharla.  a  sumII 
number  rame  from  Japan.  Those  eases  which  ocenned  la  the  northern  portion  of  the 
American  Zone  probably  orlgiaaled  la  areas  which  had  been  rndenilc  foci  for  years. 

During  the  period  from  September  1M5  to  the  cod  of  IMd,  only  10  mild 
cued  of  typhus,  with  no  dentha  from  the  dimnw,  occurred  amoiig  UJS.  Army 
pcnonnel  in  aouthem  Korea. 


•Orr  funtMtr  8110).  R.  WT. 
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Part  II.  Murine  (Endemic)  Fleaborne  Typhus 

It  is  the  ]iur(iose  tif  pnil  II  todeal  with  the  seeoiiil  variety  of  exniitlipiiiiitic 
typltiis  fever  wliieh  lius  Iteen  calletl  Xew  World  or  eiideiiiic  ty]>hus  and  is 
now  more  generally  known  as  murine  fleabonie  typhus  in  recognition  of  its 
riMleiit  reservoir  inid  iirtliro|>o<l  vector.  The  account  will  lie  niiich  shorter  than 
the  liistory  of  epidemic  lousebortie  typhus  in  World  War  II  because  the 
disease,  nithoiigli  worhlwiile  in  occurreiu^e  aii<l  a  cause  of  death,  iliil  not  have 
the  international  significance  or  capacity  to  spread  among  Inniian  beings  that 
made  its  congener  so  notorious. 

HISTORICAL  AND  SCIENTIFIC  REVIEW 

During  a  century  or  more  before  1026,  it  had  been  recogiiizetl  that  a  mild 
form  of  typlms  fever  was  occurring  in  portions  of  the  continental  I'nited 
States  and  in  ('entral  and  South  Aincnca,  Eurojie,  .Vfrica,  and  Asia.  Tliis 
disease  receivetl  so  many  desigtiations  and  the  confusion  was  so  great  that  the 
true  conditions  cannot  he  extracted  from  the  records  of  those  past  days.  Clari¬ 
fication  began  in  1926  when  Maxc3‘”  concluded  from  epidemiological  studies 
that  “a  tlisease  clinically  indistinguishable  from  typhus  fever,  except  with 
regard  to  its  relative  mildness  anil  low  fatality  rate,  was  endemic  in  the  soiith- 
easteni  Ciiiteil  States  •  *  •  that  a  reservoir  of  infection  existed  other  than 
in  man,  and  that  this  reservoir  wiis  in  roilents,  prolmblv-  nits  or  mice,  with 
accidental  transmission  to  man  through  the  bite  of  some  ]>anisitic  bloodsucking 
arthropod — fleas,  mites,  or  posslbl}-  ticks.”*'  Within  the  next  few  3’ears, 
Mooser**  and  others  obtained  experimental  evidence  of  differences  ]>rodiired 
in  animals  bv  inoculation  with  material  from  claseical  Old  World  and  the 
milder  Xew  World  typhus,  and  the  etiological  micro-org:uiism,  which  had  lieen 
seen  by  ^looser  in  infected  cells,  was  isolateil,  characterizeil,  and  named  It. 
momeri.  Maxcy’s  hv'pothesis  was  confirmed  by  Dyer  in  1931  by  the  isolation 
of  R.  moowri  from  fleas  (Xenop*yUa  rheo/ff»)  collected  from  rats.  By  1934, 
Zinsser*"  had  clearly-  ]M>iiited  out  that  Brill's  disease  was  a  form  of  recrudes- 
cent  Euro|)ean  lousebome  typhus — a  variety  of  epidemic  typhus.  This  opin¬ 
ion  expressed  by  Zinsser  has  been  abiiiiilanlly  conlimieil  by  the  work  of  Murray* 
and  Snyder." 


■’Maxrj.  K.  F. :  Am  Epl4<*«lol4i|dc«l  af  Typliu*  Utamw)  li  1W  SMtli- 

Mstrni  I'altMl  Xtatmi.  With  flprrUI  It*  Mm)*  of  Trm*MiilM4«i.  Pub.  H*«lth  K*|>.  41 

ipt.  :  3fM7  29U.  24  Itee.  ltS«. 

••  L.  K.:  Mirla*  fm  Pr»T*«tlTe  MfAHs*  ■•<1  Hrttltii  iRo**Mn>« 

K.  P.  Mftxrj.  Mllt*r.  Hth  Mlllloa.  New  York  :  Ar bl>t»ii-CHi I < ry -Ciof t ».  Inr.,  IbM,  pf>.  43^4X4. 

*Mo«**r.  H. :  KxperliMtii  RrUtlaii  te  thr  Patholary  aM  th*  Kllolnffr  (>f  Maxima  TyHia* 
<TalMirt)llt«»>.  1.  Cllaiml  Toiiw  and  Patbotsak*  Aaatoaiy  pC  Tabav4HI*  la  trvlara  2. 

las  fraai  tb*  Prollfaratsd  Taaira  Vairlaall*  «»f  llalasa  I1ic*  Mmrtlac  l«»  Mtxlrtia  Tjithas.  J.  lafsrt. 
DIs.  4n:241  3«>.  1t2«. 

•*  Xlasssr.  H. .  Vartetk*  af  Triihus  VInis  aad  Chr  l>Mpta|n|n«x  af  th*  Aatrrlma  Farm  of  KHro|i*a« 
Typhus  Ffv*^  fBrlirs  IMsrassl.  Ab.  J.  Ry«.  SA  *  AI3-222.  Noraaihsr  10.14. 

**Mami>.  K.  K.,  sad  ftaydsr.  J.  C. :  llrlH>  Disraas;  Etlnlfrcy.  Am.  I.  Hyx.  AX ;  33  22.  Jaaaarj 
1031. 
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Dai'iiig  tlie  1930's,  tlie  nggliitinatioii  of  ii  suspension  of  Proteun  OX-19 
in  the  Weil-Feli.x  reaction  was  i(lentiKe<l  witliiii  a  recogni/«(l  range  of  ju-obn- 
bility  with  infection  with  the  ninrine  tyjKj  of  typhus  fever.  Later,  about  1944, 
specitic  .serological  reactions — agglutination  and  cnniplenient  fixation  reac¬ 
tions — became  iivailableby  the  use  of  s|)ecific  rickettsial  antigens  obtained  from 
cultures  in  yolk-sacs  of  embryonnted  hen's  eggs. 

At  the  time  of  the  entry  of  the  I’iiite<l  States  into  World  Wiir  II,  tltere 
was  a  slightly  current  notion  that  the  rickettsial  agent  of  murine  typhus  could 
be  changed  into  the  rickettsial  agent  of  epidemic  typhus  by  ]>n.s.sage  through 
lice.  During  the  war,  .Snyder  and  Wheeler"’  in  the  Cnin)  DilMn-atcny  of  the 
U.S.A.  Typhus  Commis.sioii  provetl  that  the  |Missnge  of  R.  mooneri  through 
lice  did  not  change  it  into  R.  piwrazeki,  and  that  nnirine  flealamie  typhus 
did  not  chiinge  into  epidemic  loiiselmriie  typhus. 

In  summary— 

1.  Murine  typhus  is  primarily  a  disease  enz(M»tic  in  rodents,  chiefly  the 
wild  roof  rat  {Rattw  alexatu/rhiux)  and  the  brown  rat  {Rattus  nor t'eg ictus), 
and,  in  addition,  domestic  rats,  house  mice,  and  the  field  mouse  (Muk  mmculm, 
Must  wagnerl,  and  I'rromyncuH  polwnotUH) .  Tlie  important  reservoir  of  R. 
mowteri  is  the  commensal  rot. 

2.  The  disease  is  transmitted  from  rodent  to  mlent  by  a  variety  of  their 
specialized  arthro|iod  ectoparasites,  nn<l  from  nit  to  man  by  the  flea  X.  chcopU. 
It  is  n'<t  contagious  li-oin  man  to  man.  Tliere  is  no  need,  therefoie,  for  the 
isolation  of  patient.^  or  for  restrictions  upon  the  movements  of  contaet.s.  Iso¬ 
lation  precautions  are  not  necessary  in  connection  with  the  treatinent  of  ]>n- 
tients  ill  hospitals. 

•*(.  Coiitnil  measures  aiv  lai.sed  upon  the  reduction  of  po]>iihitions  of  ro¬ 
dents  and  fleas  in  coinmmiities. 

4.  Tlie  incubation  periotl  is  from  10  to  14  days.  The  rash  usually  apjieiirs 
about  the  4tli  day  of  the  disease,  and  the  symjitunis  last  about  14  day.s.  ('on- 
valescenee  may  take  a  iiioiitb  or  more.  The  case  fataliiy  rate  is  from  1  to  8 
percent. 

."i.  Murine  typhus  is  essentially  n  disease  of  snniiiier  and  fall,  in  contrast 
to  epiflemic  louseborne  tyjilius  which  is  usually  a  disease  of  the  colder  months 
of  the  year. 

8.  A  moderate  degree  of  inniiiinity  can  lie  stimnlatetl  by  injections  of  a  vac¬ 
cine  coni]ioeed  of  pure  siisjiensions  of  R.  mssosteri  and  their  siilnble  s|ieciiic 
siilwtance,  made  according  to  proivdiires  already  flescrilied  in  general  for  tlie 
preimratioii  of  typhus  vaccine.  Such  a  vaccine  was  not  used  in  the  Army 
during  World  War  II,  liecause,  as  already  staleil  in  ('irriilar  Letter  Xo. 

(p.  194) :  “Tlie  incidence  of  tlie  disease  is  too  low  to  warranl  general  vaivina- 
tioii.  This  iiro.vshire  is  iuh  considered  in  plaies  where  the  rat  |Mi]>iilation 
can  lie  controlled." 


*•  Mnyfl^r.  J.  C..  and  Wln^^r.  C.  yt.:  TM  Kx|»rrlnM nfal  Infnrtlon  of  thf  Unman  Rodj  l^nur. 
iWff’a/a«  kmmmrnmM  •ttrpmrim.  With  Miirlnt*  aii*l  T^iihnw  Miralna.  J.  K«|M*r.  Mfsl. 
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GEOGRAPHIC  DISTRIBUTION  OF  MURINE  TYPHUS 

Fleal>orne  murine  typlius  fever  occurs  in  all  parts  of  the  world  as  shown 
ill  innp  3.  Areas  of  s])ecial  importance  to  the  U.S.  Army  were: 

1.  The  States  in  the  soutiieastem  United  States;  namely,  North  Carolina, 
Tennessee,  South  Carolina,  Georgia,  Alabama,  Mississippi,  Louisiana,  Florida, 
and  Texas.  The  3-year  attack  rate  per  million  jiopulation  by  States  for  rej)orte«l 
cases  of  typhus  fever,  predominantly  murine  typhus,  for  the  jieriod  1941-45 
is  shown  graphically  in  map  4. 

2.  North  Africa  and  the  Atlantic  ooa.st  of  Africa  from  ('asablaiica  to  Dakar. 

3.  Hawaii. 

4.  The  Philippines,  Japan,  and  Korea. 

II.S.  Army  jiersonnel  were  in  contact  with  murine  typhus  in  every  area 
ill  which  they  were  stationed  during  World  War  II. 

INCIDENCE  OF  MURINE  TYPHUS  IN  THE  ARMY 

In  view  of  this  extensive  exposure,  it  is  not  astonishing  that  there  were 
787  cases  of  murine  fleabome  typhus  in  U.S.  Army  personnel  during  the 
period  1942-45,  as  shown  in  table  38,  supplied  by  the  Medical  Statistics  Divi¬ 
sion,  Office  of  The  Surgeon  General.  Of  these  reported  cases,  497  occurred 
in  the  continental  United  States  and  290  overseas. 

The  resultant  noneffective  rate  was  relatively  insignificant.  This  daily 
rate  per  1,000  average  strength  was  less  than  0.005. 

As  a  cause  of  death,  however,  tlie  so-called  *Hnild”  murine  (endemic) 
flealwme  typhus  fever  was  more  lethal  than  the  more  dreaded  epidemic  (ex- 
anthematic)  lousebome  typhus.  While  there  were  no  deaths  from  epidemic 
typhus  among  soldiers,  there  were  15  deaths  (1  in  the  continental  United  States 
and  14  overseas)  among  the  787  cases  of  marine  typhus,  giving  a  case  fatality 
rate  of  1.9  percent. 

It  is  the  belief  of  the  author,  based  upon  hindsight,  that  these  deaths 
could  have  been  prevented  by  vaccination.  The  reasons  why  vaccination 
against  murine  typhus  was  not  adopted  are  not  entirely  clear.  The  stated 
reason,  as  already  quoted,  was:  ‘^The  incidence  of  the  disease  is  too  low  to 
warrant  general  vaccination.  This  procedure  is  not  considered  in  places  where 
rat  population  can  be  controlled.*'  Tlie  rat  population  was  gradually  brought 
under  control  in  the  southeastern  and  southern  United  States,  but  it  could 
not  be  controlled  in  many  places  overseas.  Perhaps  it  was  assumed  that 
epidemic  typhus  vaccination  would  confer  a  comfortable  degree  of  immunity 
also  against  murine  typhus.  The  British  did  not  share  this  viewpoint.  Tlieir 
vaccine,  baaed  upon  Craigie's  work,**  contained  both  R.  pratratrki  and  R. 
moo»eri.  The  review  of  the  experience  of  the  UjS.  Army  makes  this  authiw 
feel  that  it  was  a  mistake  not  to  have  used  a  |iolyvalent  vaccine  to  inununiae 
against  botl  epidemic  and  murine  typhus. 

”  Cnl»  ' .  WalM.  D.  W„  Clua.  a  M.  mm4  tUtnmmu,  M.  m. :  Smladnil  a»l«W— «ai>«  at 
BIchettUw)  •>  npliflt  aaS  Maria*  Traeo*.  COaoS.  J.  Saiarrii  S4  |8*e.  Bi :  K4-IM,  .%eril  isec 
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a.(x». 

PREVENTION  AND  CONTROL  OF  MURINE  TYPHUS 

Th«  efforts  to  prevent  and  control  iiiiiriiie  typlius  during  'World  War  II 
were  exerted  along  two  main  lines:  iiiiiiiely,  (1)  military  ainl  civilian  lines  in 
the  United  States  and  overseas,  and  (:i)  civilian  lines  witliiii  the  l’iiite<l  States. 
Ill  both  groups  of  activities,  except  for  the  segiiient  of  operations  overseas, 
the  collalwration  lietween  the  Army  Metiiml  .Serviie  and  the  U.S.  Public 
Health  Service  was  all  iniportaiit.  These  two  gn>n|m  of  activities  will  be 
disciia.sed  separately  with  the  iiii«ierstandiiig  that  tlieir  ciNml'inatioii  and  mu¬ 
tual  .support  was  constant.  The  U.S.  Public  Health  .'lervice,  the  Preventive 
Medicine  Service  of  the  Office  of  Tlie  Surgeon  (leiieral,  and  the  l'.S..V.  Typhus 
Coinniission  worked  together  for  the  common  good. 

Military  and  Civilian  Murine  Typhus  Control  in  the  United  States  and 

Overseas 

In  January  1940,  letters  exchanged  between  I  lie  Secretary  of  War  and 
the  Feileral  Se*-iirify  Administrator  reviveil  the  fine  coojieration  and  support 
given  by  the  U.S.  Public  Health  Service  to  the  Army,  under  the  provisions  of 
law  and  the  Executive  order  (No.  2571)  of  -'I  April  1917.  The  U.S.  Public 
Healtli  Service,  oiierating  under  tlie  authority  of  existing  laws  and  using  its 
own  resources,  collaborated  with  tlie  Army  in  .safeguarding  the  health  of  mili¬ 
tary  personnel  by  .suitable  ineqsiires  of  extracantonnieiit  sanitation.  This  was 
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of  ])!irtic-i)1nr  importaiice  for  (lie  control  of  murine  lypliiis  in  coiiiiectioii  with 
the  concent  iiition  of  troojis  in  the  South. 

The  I'.S.A.  Ty|ihni^  ('omiiiisMoit  also  luul  an  obligation  to  a^^sist  in  the 
lireveiition  tiiul  control  of  murine  typhus  in  the  Uiiitetl  States  and  elsewhere. 
After  11  ininiliei-  of  conferences,  the  Exei'iitive  Committee  of  the  ('oniniis.sion 
(lei-ided  that  this  inohlein  within  the  coiitineiitiil  liiiiits  of  the  I'nited  States 
had  li(>si  lie  haiulletl  hy  the  U.S.  Piilihc  Iienith  Service  which  was  lespoiisihle 
innlei'  law. 

As  pii'vionsly  recordeil,  Colonel  Plot/,  iiiul  his  iis.s<,ciates  investijrued  an 
onthreak  of  nnirine  typhus  on  .lainaica  in  .Inly  iiinl  August  11142.  The  sur¬ 
veys  of  the  l'.S..V.  Typhus  Coniinission  in  North  Africa,  in  the  Middle  East, 
and  in  (he  Pacific  Ocean  Areas  provided  a  larf«e  nuiniint  of  useful  infonnation 
aUint  the  pievalence  of  ninriiie  ty|diiis  in  (hose  repions.  All  of  (his  con- 
trihu'ed  to  a  sense  of  .sei'urity  with  repird  to  this  disease,  and  )»erhiips  to  an 
liiijnstiKahle  disregard  of  its  lethal  iKtteiiUality. 

Civcnlar  Ts'tter  Xo.  wd  ( p.  U*4)  on  the  subject  of  the  tieatinent  and  control 
of  certain  tropical  diseases  dealt  with  eiuleinic  nnirine  typhus.  This  was  a 
iisefnl  statement,  composed  in  Preventive  Medicine  .Service,  lint  it  contained 
some  enors.  ii  gave,  however,  sufficient  emphasis  •<>  the  rnt-Hen-iuan  path¬ 
way  of  the  t  l  an.sniissmn  of  nnirine  typhus. 

The  tiKlent  control  program  was  specified  in  several  teehuical  hnlletins  in 
ItU'i  iiiul  lilts  U‘en  fully  described  by  Colonel  Tliinleiiliergli  **  and  bis  associates. 
This  iirograiii,  wdiicli  included  control  of  fleas,  gave  directions  for  ratproortiig 
of  buildings  and  for  tnippiiig  and  poisoning  rats.  It  adviswl  that  riniways 
of  r.-ils  lie  dusted  with  DDT  jiowder  to  kill  fleas.  Tliis  proveil  to  be  iiii  efTective 
metiisnie  of  ctaitrol.  Tliese  measures  were  applied  with  success  in  Georgia 
and  Texas,  in  104,5  and  1044.  where  soldiers  were  exposed  to  nnirine  tyjilms 
when  they  visited  towns  near  their  enciim]inienl8. 

Pixiliahly  the  first  experiments  on  the  control  of  murine  fy])hus  by  dusting 
nit  rims  with  DDT  to  kill  fleas  were  maile  under  military  auspices  in  Xortli 
Africa  in  1040-44.  This  logical  plan  of  attack  was  developisl  with  great 
success  by  the.  ThS.  Public  Health  Seiwice. 

At  this  ]M)int,  brief  mention  will  lie  made  of  the  problems  of  murine  typhus 
in  the  Central.  .‘*<nith,  ami  .Southwest  Pacific  Arens,  in  the  Philippines,  and  in 
•Japan  and  Korea. 

In  the  Hawaiian  Islands,  murine  typhus  liad  been  prevalent  for  many 
years.*®  During  the  period  lfl4S2-45,  12.1  cases  occurreil  among  ThS.  Army 

••111  War  DffMirlBFiit  TMhnlnl  Ballelln  (TB  MED)  144.  April  11149.  (2)  Hardenhemh,  William 
A.,  end  CUlh^rr.  J*n»pp1(  J. :  Rodfnl  Conlrol.  In  Dpparlnerc.  Vnll^l  Bliiln  Army.  VrrvrnMrr 

MHllrlBtf  Id  World  War  II.  Volume  11.  EaTlrouaental  Hjrgleoe.  WaibloKton  r  U.S.  Oor^rniueDt 
rrinllor  OfBoo.  1955.  |»p.  2.*»-249.  {At  See  rnotDOle  20<2).  p.  190. 

*>(1)  MartlD,  Walter  ft.«  nnd  Tounn.  Charles  T.  .*  IfurlBe  Tophus  In  the  llawallAn  laland  t.  In 
Report  on  Actlntlea  of  the  Uedlcal  Conaultanta*  Mhidle  Paelfle  Area.  pp.  lTS-174.  lOlllclal  reeord.l 
AIpo,  U  ITletorx  of  l*rrt>rntlve  MMIelne.  IT.8.  Ann;  Foreea,  Middle  Paelfle.  1941-4.5.  p.  18.5.  (Oilelal 
rt*eord.  1  4‘^)  WUhtir,  C.  L..  Jr. :  Annual  Report  of  the  Board  of  Health.  TerrDory^  of  Hawaii,  for  the 

ntiCAl  year  1944.  etidlfif  on  30  Jnne  1944.  pp.  10,  41. 46.  nod  65. 
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personnel  stationed  in  the  Ceiitmi  and  South  Pacific  Areas.  In  aildition,  there 
were  S7  cases  ninonj;  soldiers  in  the  Southwest  Pacific  Area. 

The  occurrence  of  niiiriiie  typhus  in  the  Pliilippine  Islands  had  been  ques¬ 
tionable,  although  DeRoda  had  reported  its  probable  occunence  in  lO.tT.  Its 
presence  in  ^lanila  and  on  Mindanao  was  definitely  proved  by  M'ootlward, 
Philip,  and  Loranger**  in  1945.  This  finding  added  more  substance  to  the 
opinion  that  '‘murine  typhus  fever  is  undoubtedly  the  most  widespread  of  all 
the  rickettsial  grotip  of  infections,  among  which,  fortunately,  it  inny  be  classi¬ 
fied  as  the  more  lienign.” 

.'vs  previously  noted  ( p.  250),  epidemic  typhus  was  widespread  in  Japan 
and  Korea  in  1945-40.  In  discus-siiig  the  incidence  of  typhus  in  those  coun¬ 
tries  during  that  year,  it  was  recognized  that  diagnoses  were  specifically  con¬ 
firmed  in  only  a  few  cases  among  the  thousands  of  ()atients.  It  was  well  known 
that  murine  typhus  was  occurring  in  .Japan  and  Kniea  at  this  time.  It  has 
been  estimated  that  20  percent  of  typhus  in  those  countries  wns  murine  typhus — 
but  who  knows? 

Civilian  Control  of  Murine  Typhus  in  the  United  States 

As  the  largest  encampments,  poets,  training  areas,  and  maueuver  regions 
of  the.  U.S.  Army  became  located  in  the  southeastern  end  southern  States 
(Tennessee,  Xortli  Carolina,  Texas,  Louisiana,  Mississippi,  Alabama,  Georgia, 
South  Carolina,  and  Florida),  the  prevalence  of  murine  typhus  in  these  States 
assumed  ti  militarj-  importance  equal  to  its  civilian  importance  as  a  cause  of 
sickness  and  death.  Tlirough  the  cordial  cooi)eration  between  the  U.S.  Public 
Health  Service  and  the  Army,  effective  operations  for  the  control  of  the  disease 
in  this  area  were  carried  out  (and  are  being  continued)  with  mutual  advantage 
to  military  and  civilian  populations. 

A  fitting  conclusion  to  this  chapter  is  a  brief  account  of  the  extraordinaiy 
control  over  murine  typhus  which  has  been  achieved  in  this  area  by  the  U.S. 
Public  Health  Service. 

The  results  of  intensively  applied  programs  for  rodent  control  and  ffea 
control  are  shown  in  charts  16  and  17  which  portray  graphically  the  numbers 
of  reported  esses  of  typhus  fever,  predominantly  murine,  in  tlie  United  States 
fi'om  1931-50,  and  1941-56,  respectively.  The  situation  during  the  war  period 
is  shown  by  State  in  map  4.  Chart  17  shows  the  great  decrease  in  reported 
cases  of  murine  typhus  that  has  occurred  since  the  start  of  the  DDT  control 
program  in  1945,  when  about  6,000  cases  were  reported,  to  1956,  when  the 
reported  cases  were  less  than  100. 

Perhaps  it  is  well  to  close  this  section  on  a  modest  note  by  quoting  from 
a  letter  of  27  July  1957  from  Dr.  Alexander  D.  Langmuir,  Chief  of  the  Epi- 


*■  WsMtlvard.  T.  E..  PWllp.  C,  B,.  and  O.  L. ;  Endanlr  Typkna  la  Maalla.  P.l.  Report 

of  Caooa  a«<l  tdoatldnirloB  of  tbe  Maiiao  Rloketlalal  Ai^nt  la  Domovtlc  Rats  hj  Complaaiont  Flxatloa. 
J.  lafoct.  r>U.  79 : 167-173,  Marea-April  1966. 
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deniiology  Branch  of  the  Communicable  Disease  Center,  U.S.  Public  Health 
Service,  at  Atlanta.  He  irrote  to  the  author  of  this  chapter : 

Many  of  ns  here  are  very  skeptical  that  the  control  prottraat  was  really  the  imimrtant 
nndertaklnit.  The  Intensive  rat  control  procram  in  some  of  the  larger  cities  was  of  real 
value.  The  s|>rayln):  of  rat  ruus  with  IMiT  uiay  or  may  uot  have  been  of  meat  in>portaiKe. 
We  now  have  essentially  no  typhus  omtrol  proirram.  ami  yet  there  Is  no  siiggestlon  of  a 
tesurtence  of  the  disease  more  than  tire  years  after  the  last  DDT  dustlna  has  been  done. 
Advamement  in  the  standard  <if  living  and  generally  better  housing  and  community 
sanltatUui  have  probably  removed  the  contact  of  rats  with  humans. 

There  are,  indeed,  mysteries  in  the  ways  of  both  epidemic  and  murine 
typhus.  Perhaps  there  iimy  be  a  resurgence  of  botli,  since  both  lice  nnd  fleas 
have  Income  resistant  to  several  insecticides  on  which  dependence  had  been 
placed.  At  the  end  of  World  War  II,  however,  conquest  of  both  forms  of 
typhus  seemed  to  be  unconditionally  accomplished. 

Cnaar  J6. — Jfartac,  frahome,  tgpkaa  la  like  railed  Klaica;  total  rcporicd  macs.  19XI-S0, 
thoriaf  the  larpr  larreatc  that  occurred  darlap  llkr  war  yrara. 


1931  1935  1940  1945  1950 

Sonree;  r.8.  Drpartnest  of  Boolttir  Ed«<«ttoa  PaMIe  Booltli  Berrlce.  NatloMl 

OBcc  of  Vital  Statlstlea.  Vital  8tatlaClrs-3ppi*lal  Kvports.  Natloul  Sammarloa,  toI.  37,  No.  •,  15  Jim 
1553,  Reported  lDcldoa<«  of  Selertod  NotlAaMo  Dbraoro,  Slatw,  Badi  DtrUloa  aad  State, 

1931^-50. 
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CaAST  IT.— ArnmaJ  total  of  reported  mur'nc  typhut  ro*r«  fi»  tke  United  State*,  J94I-S6, 
thawing  the  greet  rednetion  in  ineidenec  tinec  the  initiation  in  JS4S  of  the  DDT  typhu* 
control  program  directed  againtt  rat  /tea* 

Number 


(Chart  canrtnjr  of  tin  OamBankabIt  DliaaM  Caatar,  C.8.  PaMie  Baaltk  Sarrlca,  Dtpartanat  of 
Health,  Edocatloa,  and  Welfate.l 
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CHAPTER  XI 

Scrub  Typhus  and  Scrub  Itch 

Cornelius  B.  Philip,  MS.,  Ph.  D.,  Sc.  D. 

INTRODUCTION 

“Scrub  Typhus  Fever  is  a  serious  ilisease  prevalent  in  the  Asiatic-Pacific 
Area.  In  some  operations,  it  has  disabled  more  men  than  has  enemy  action. 
Because  of  its  importance  and  b^jcanse  of  expandiiif!'  military  activity  i.i  this 
atea,  all  individuals  sliould  know  how  to  protect  themselves  from  it."’  So 
rends  the  openinp  statement  of  an  Army  Ground  Forces  headquarters*  directive, 
date<l  S)  Novemlier  1944,  to  various  units  of  troops  staging  in  the  United 
States  as  part  of  tlie  |)repamtion  fur  the  final  assault  on  Japan. 

Fortunately,  tlie  early  capitulation  of  Ja|>an  obviatetl  the  need  for  com¬ 
pletion  of  antimito  preparations,  after  reoccupatiou  of  the  Philippines,  and 
for  i.ssuance  of  supplies  of  improved  repellent.  Indoctrination  of  troops  was 
already  underway,  based  on  lessons  gleaned  from  experience  with  scrub 
typhus  or  tsutsugamiishi  disease  in  previous  camjmigns.  This  experience  will 
be  discussed  hereafter  as  three  major  episodes,  one  each  in  SWPA  (Southwest 
Pacific  Area)  and  SPA  (South  Pacific  Area)  and  one  in  CBI  (China-Burma- 
India)  theater  (map  5).  Postwar  information  has  considerably  expanded 
our  knowledge  of  the  geographic  distribution  of  the  disease,  particularly  in 
India,  Thailand,  south  China,  the  Andaman  Islands,  and  southern  Honshu, 
Japan.' 

The  unopposed  occupatitm  of  the  three  notoriously  endemic  prefectures — 
Akita,  Yamagata,  and  Niigata  in  northwest  Honshu — in  the  fall  of  1945  by 
units  of  the  Sixth  UJS.  Army  (11th  Airborne  and  27th  Infantry  Divisions) 
reduced  the  necessity  for  field  exposure  in  these  areas.  This,  coupled  with  the 
lateness  of  the  season,  prevented  infections  in  military  personnel  during  the 
1945  administrative  operation  in  Japan.*  Though  there  was  smne  apprehen¬ 
sion  regarding  the  disease  before  the  earlier  Okinawa  invasion,  no  cases  of 
scrub  typhus  were  encountered  during  that  operation. 


>BrII.  E.  J..  »d  Philip.  C.  B.:  Tkc  Hnau  BlefeetMoM.  Xu.  Xcr.  lllcfvWol.  ■:  ai-lia  ISSS. 
■PUllp«  C.  B. :  OtHierTatSona  on  TntancaaiBslil  DUemac  <U]te^rie  or  Bcrnfr  I>pkaa)  In  Nortk- 
WMt  Honhlin  UUad.  Jnpon,  In  tkc  Fall  ot  1946.  11.  Coraaent  on  tko  Jnpniiote  Tote-nltot. 

J.  Bys.  46 :  July  1947. 
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Early  History 

The  prewar  documentation  of  scrub  typhus  in  tlte  various  endemic  areas 
of  the  region  is  extensive  and  has  been  reviewed  many  times.'  A  Chinese  writ¬ 
ing  in  the  16th  century  associated  minute  red  ‘^sand  lice”  along  certain  rivers 
with  illnesses  in  native'^  of  soutli  China.  As  early  as  1810  in  Akita  Prefecture, 
Honshu,  Japan,  a  similar  illness,  “ts  jtsuga,”  was  known  and  was  linked  here 
niid  ill  Niigata  with  “tsutsuga-muslii”  or  disease  mites  long  before  scientific 
acceptance  and  proof  of  mite  tran.smission  of  this  diseas'j.  This,  incidentally, 
was  almost  a  century  before  the  human  louse  was  suspetted  of  transmission  of 
typhus  fever,  the  other  centuries-old,  related  scourge  in  Europe. 

Discovery  of  somewhat  similar  maladies  ctme  much  later  in  Formosa, 
Malaysia,  various  South  Pacific  islands,  and  Australia.  They  were  usually 
given  colloquial  names  tmtil.  within  the  part  two  decades,  laboratory  procedures 
confirmed  the  suspicion  that,  in  spite  of  some  clinical  differences,  these  were 
the  same  as  the  more  virulent  tsutsugamushi  disease  in  Japan.  Even  most 
experienced  Japanese  medical  officers  during  World  II,  faced  with  such  casual¬ 
ties  in  Bunna  and  elsewhere,  would  not  diagnose  it  as  the  same  disease  (see 
pp.  344-347). 

Control  measures,  until  the  development  of  modem  repellents  and  acari- 
cides,  were  crude  and  rather  ineffective  in  endemic  areas,  especially  where 
intensive,  continuous  cultivation  could  not  be  practiced.  As  late  as  1945,  some 
Japanese  farmers  in  Niigata  wore  customary  one-piece  clothing  and  leggings 
to  try  to  restrict  mite  attack  when  going  into  infested  locations. 

Prewar  knowledge  of  geographic  variations  in  the  epidemiology  and  ecol¬ 
ogy  of  the  disease  was  greatly  extended  during  military  operations.  The  term 
^rul)  typhus”  originated  in  Malaya  in  contrast  to  so-called  shop  or  urban 
typhus  and  was  the  designation  adopted  for  purposes  of  military  records 
because  of  widespread  usage  in  the  Southwest  Pacific  region. 

For  intelligent  subsequent  presentation  of  epidemiological  features  of  the 
disease  in  the  U.S.  Army  experience,  it  is  desirable  to  define  the  disease  and 
to  provide  statistics  on  the  incidence  in  troops  in  the  various  theaters. 

Definition  and  Oinical  Characteristics 

Scrub  typhus  is  a  specific  febrile  infection  due  to  a  rickettsial  ag«it  trans¬ 
mitted  by  certain  species  of  chigger  mites  which  habitually  infest  local  small 
animals,  particularly  nondmnestic  rats,  and  some  groimd-frequenting  birds. 
The  usual  clinical  characteristics  of  cutaneous  eruption,  febrile  course  of  about 
2  weeks,  lymphadenopathy,  and  often  a  primary  lesion  or  eschar  at  the  site 

-•BUke.  V.  O..  MtxcT.  K.  F.,  Snlaak,  J.  r.,  Jt„  RaU*.  O.  M.,  sad  BcU,  B.  J.:  Stndic*  m 
Tntnifuiaihl  Dlwaw  (Senrt  Tirpkiia  HltMnm  In  N«*  OataM  nnd  AdJacmt  lalaadt; 

Eeldealolofr.  Clinical  ObfcrratlaBa,  and  Xtlolo(7  In  tba  Dokodnrn  Aren.  Aa.  1.  Hrr  41 :  243-ST3 
Uaj  IMS. 
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of  bite  by  the  v«Tt<»r,  in  two  or  more  res|»eets  reseiiil)le  other  typliiislike  l■i<■kettsi- 
oses.  A  further  i)oiiit  of  restMiibliiiiet*  is  the  iisinil  development  in  eiirly  con- 
valeseenoe  of  n  ]»<»sitiv<«  Weil -Felix  mietion.  Ihoiijeh  the  tipj^hitiiiiiis  me  pe<mlinr 
for  the  niiitsiit  OX-K  stniin  of  the  Protftm  bneillus. 

The  eliiiienl,  piitholo);i<',  iiml  tlieni|)eiitic'  fentiiit's  hnve  Imh'ii  siniiiiiiirized 
hy  Ziirnfonetis  mid  linker.*  The  pro{M>rtionate  •riMineiife  of  these  cliniciil 
syni])tonis  viiriwl  in  ilitferent  episiales,  but  lyniphadenopnthy  wns  the  most 
eo’isistent ;  it  o(‘<‘iirred  even  in  iiiiibnhitor^',  non hospitii Iiml  pntients  ns  con- 
timied  l>y  snliseqiient  serolojric  testing  of  indiviilinils:  !>7  )>ercent  of  K^ior)  enses 
in  the  Owi-I>ink  epideiiiii*  hiid  at  leiist  regioniil  ghimhihir  involvement  dmin- 
ing  the  site  of  infts'tion.  Kiish  variwl  from  7t<  |>en‘ent  to  “almost  nil"  in  vnrioiis 
out  bleaks.”  and  the  e.schar  from  H.'!  {lerient  to  only  11."  Xo  relationship  could 
be  detei'teil  between  the  varinlions  in  viriileiue  in  different  arens. 

THE  INCIDENCE  OF  SCRUB  TYPHUS  IN  THE  VS.  ARMY 

Tlie  total  iimiiber  of  enses  of  send)  typhus  in  U.S.  Army  Force.'?  in  all 
areas  from  March  lfl-12  through  I)e<einl»er  10-m  was  estimated  at  0.717  ns  re- 
|M)rte<l  by  the  stntisticnl  health  leports  in  tiie  .'''iirgeon  (lenemrs  Oflue  and 
eompihsl  by  Dr.  Philip  E.  Sartwell.  ('oinjwrison  with  incideixe  in  other 
iinnwl  forces  by  year  and  locality  is  given  in  table  31).  The  overall  Army  fig¬ 
ures  have  since  been  I’eviseil  and  are  provide?!  in  tables  40  and  41. 

Table  42  gives  a  breakdown  of  enses  by  area  anil  theater — SWPA,  r»,7l}l: 
SPA,  32 :  aiul  CHI,  967.'  The  .*»,T18  SWPA  i-ases  inchuieil  284  in  troo))8  tinring 
re(K'eii|iat ion  of  the  Philippines  from  Xov.-inber  1944  thntngh  Dewinlier  104.'). 
ami  28  in  Aiistniliu  in  those  two  rvniiplete  y«irs.  Sepnrnte  data  are  not  avail¬ 
able  for  Australia  for  1942  and  1943.  It  is  likely  that  two  known  ?'nses  of 
marine  typhus  in  the  Philii)pines  nml  a  few  in  Australia  are  inclnileil  in  th<' 
totiils  because  of  the  methods  of  rejiorting  all  ty|)es  of  typhus  ns  a  combineil 
figure  in  the  statistical  health  report.  Similarly,  in  the  total  of  967  cases  for 
the  CHI,  sei)nrate  re|)orting  of  “e“  (epiileniic)  or  einleiiiic  (marine)  typhus 
from  "s“  (siTiih)  typhus  was  not  initiate?!  until  Mnrch  194.').  The  figures  have 


•  Karatoncllii.  Clirta  J.  D.,  (a?)  Biikrr.  MTI«  IV ;  Srnib  Tjrp)>ii«.  /»  Mnllnil  I)r|Nivtliirn?.  )'iil?rd 
Slum  Amy.  Inlrrtiiil  UrdlrlM  In  WnrM  War  II.  Vnlnmr  II.  Inrmiovii  IHman.  Wuhlnirian; 
r.S.  OnrpmmrnI  |■rlnllnKUIB«•.  lll?l.'l.  p|>.  Ill -143. 

‘I'hlllp.  C.  B. :  T>n?«u(«niualil  IHnmiip  iScntb  Typhni)  In  World  War  II.  J.  raraillol.  34: 
ia9-ini.  JuBp  )»4S. 

■Iroar.  E.  N.,  rnri  AramlranK.  K.  R. ;  Smib  Typbua  In  Dnirh  Nrw  Onlara.  Ann.  In?.  Vrd.  3fl: 
201-230.  Febniiry  IMT. 

’  Somr  dorrn  caurr  harr  brra  rrporird  from  Ihr  rnlfrd  Stair*  darlna  thr  war  for  rarton*  rraionii. 
In  at  Ira*?  onr  Inrlancr,  a  c**r  drrrloprd  ra  roatr  to  the  rallrd  Stair*  by  pUar  and  wa*  Drat  rrportrd 
from  a  hoapltal  at  Camp  KUmrr,  X.J,  In  Aafoat  1049.  Aaoihrr  eaar.  rrportrd  a*  "an  arlator."  wa> 
hoapltallrrd  In  San  Franelaco.  Calif..  T  <Uy*  aftrr  airlral  with  rllnlcal  aymptoni*  and  poaltlre  OX-K 
arroloiiT  aftrr  expoaurr  In  a  Soalh  Parltr  laland.  Barb  rrport*  wrrr  nirrrrtrd  a*  to  lorallly  a* 
aoon  a*  Ibn  wrrr  rrrrlrrd  by  thr  Mrdleal  Statlatka  Dlrlrlon.  OMcr  of  Thr  Suntron  Ornrral. 
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Taki.e  39. — Cnsftt  ami  deaths  due  to  tcrub  iyphue  in  U,S»  and  AUied  miiitary  fortes,  durtny 
World  H'or  11,  in  neleeied  areas,  by  theater  or  command 
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>  I>ala  DOC  ■iprUsd. 
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not  been  corrected  to  eliminate  such  known  cases  of  endemic  typhus  which 
were  included  in  the  statistical  health  reports  subsequent  to  that  date  (to¬ 
gether  with  about  1^50  additional  cases  eliminated  in  the  revised  statistics, 
see  tables  40  and  41),  for  consistency  with  other  historical  data.  Of  the  967 
CUI  cases,  at  least  125  were  reported  from  China,  many  of  which  were  prob¬ 
ably  endemic  typhus.*  It  is  not  known  how  many  were  actually  scrub  typhus, 
nor  how  many  came  over  from  Burma  during  their  incubation  periods,  as  dis¬ 
cussed  later. 

The  figures  of  l/)00  per  year  rates  given  in  table  43  show  totals  for  the 
4  years,  1942-45,  of  3.34  and  2.23  for  the  SWPA  and  CBI,  respectively.  The 
highest  rate  of  9.75  for  SWPA,  other  than  Australia  and  the  Philippines  in 
1944,  is  due  chiefly  to  two  major  epidemics  encountered  on  the  Owi-Biak  and 
Sansapor  beachheads  in  New  Quinea  (p.  285). 


•V«rbal  Kiiort  to  tkl«  aathor  bjr  Ifadlcal  ConsolUat,  ChM  SarfMo'i  OBn,  Ckbia  Thwtor, 
SS  May  lOM. 
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Taruc  40. — Iticidrnrr  (total  caurt)  of  tcrub  lupbuo  in  tAr  I’.S.  Army,  by  thtaUr  and  yrar, 

i»4e-4S 


!  Hrallmlrary  daU  bawd  on  inmiilp  tshuktlmui  of  Indlvkliinl  madlml  n«ofil«l 
(Kate  ritamard  as  nurohar  prr  annum  per  nT«nie  stiencth) 
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Table  41. — Draiht  dur  to  terub  typkiu  in  (be  l^.S.  Army,  ^|f  tAmtrr  of  odmution  and  yrar  of 
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Tails  42. — Cmt  iHeuIfnee  aj  tarub  fner  in  (’.S.  Army  traapt,  by  manth,  194t-4S, 

and  by  area  and  lbe€rier  of  admiiaian  ' 
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TIn*  Kfpirw  ill  Imth  talik^  42  aiid  43  iimvitlr  niliiiniip  (nr  llir  .'<n«iili  Pariftr 
Ami  lo  iiK-lutir  a  frw  raam'  which  mviirrpd  in  ihr  I'J^.  Army  Fnn-n*  in  ilw 
iiilanila  of  Kxpirilu  Sinlii,  »w  (imivia.  ami  Iton^ainrillc  bpfniv  llir  la!4  waa 
traiixfrrml  fmni  tlw  jurindirtimi  of  the  Siuth  I’arilir  to  Pacific 

Area  in  Auiruiit  11444."*  Althmi^  imiHenninalc  reference  ha»  liien  nia'Ie  in  a 
focus  of  llie  disease  on  one  of  llie  Treasury  irnNip  of  islanils,  suiitli  of  Itoucain- 
ville,  which  was  iH-ciipied  chiefly  hy  Naval  iNTsnnnel.  iithrr  reports  imlicaie 
only  the  iMviirreiice  of  severe,  mite-i'aiised,  srruh  itch.  .Vlmnia  Mil  |icTenil  of 


•  IMmuim  It  iiMl  ■mBFPt* 4  tiMt  •  larap  prapTlWw  «•#  tW  17€  it*«al  «IM9  4Ai  ««■*« 

la  IlM  fVatnil  faHAp  Arm  <tiirta»lt—  tW  fUatli  ff4Ar  Ar«**»  tiHW*  wrpp  m  tm^  ijpttw, 

•ItMitlMl  csUpA  to  IbF  fpfwirt  af  ItM  af  Martai  la  tW  llavr.Haa  laliaM*  far  1<M2-  44. 

iMarthi.  W.  II..  aa4  Taaav.  r.  T. :  ■r^nrt  aa  ArllvIHpa  aC  IIm  Ma>H»al  tVaaaltaata  MlMla  I^M4Ar 
Arra.  Marlar  TtpAm  Hi  tHa  HavaAaa  lalaada.  17A-174.  ICMirlal  rarar4.|».  Mata  pratahlp 
arcarrfJ  )■  IMA.  Oa  Ihr  atbrr  haa4.  arblla  At  mf  wrmh  typkw  ara  rriwirtaa  aMrtiiHy  far  ai'A 
if  atatlatiral  Im^IIIi  rapaitt  4aar  t«Ma  4Sl.  AA  aarf  ’’aarr  79”  raara  ara  tavHfli'ttUr  aiaatlwarA  la 
laAIrtAaal  rafwftit  far  Ihr  MaaA  af  ■aaaatarlNr  alaar  la  H^A. 

—  tCaamtiBi  TrHinlcal  MrAlral  IHU.  HraAaaaftrra.  hMath  ^arMr  |laM>  t*<4aaMri4.  I’JI  Anat 
Aagaat  ia44.  itatrtl  1  Brpt.  1^44.  ft)  Urtfrr.  CapC.  iMala  *1,  Watt.  MC.  MalarlaiMaiat.  WaaAqaartrra. 
Malaria  aa4  BpMralc  Cttalral.  Aarfiral  HlTfalaa.  ta  fhirf  MalarMaatat.  Il«>a«tpaartrra.  I’.a.  Anay 
l^raaa  la  thr  far  Bart.  Si  iM.  Ih44.  rahjrrf :  Brywri  mm  KMp^tHmmmm*  mf  IHaMtbfl  nnhalal^- 
iBippafaatra  riathlac  la  Prwr»atlac  ArraH  T>ahti«.  <t»  ICal«aarUarlral  9<Mra  l^tar  Ka.  f.  NraA- 
aaartrra.  Malartr  aai  BpHraile  fVatral.  lUath  Parlir  Ataa.  Smvy  |4a.  |  iiae.  lats.  <4*  Bi — attal 
Trahalcal  MrAlral  Data.  Itfaiaaartrrv.  XIV  Cmrpm,  I'Jl.  Anat-  Aaaaat  lii44.  4atM  is  1*44. 
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Takle  •4:i. — AdmiuioK  raltt  of  terub  lypku»  in  U.S.  Army  Iroopt,  by  month,  t94t-  4^,  and  by 

theater  of  admUtion  ‘ 


[Pif  Umiiunr  diu  bMPl  oa  nmmirtH  ofaUtMicAl  heuith  l•port•] 
(Raw  niitHMd  m  namtacralouMiMf  aaiiEin  par  l,imaT«if<  ttnoElh] 


Month  nml  >>ar 

Sduthwfit  Pftdflc  Am 

^•oath 

Pnrlflr 

Am 

Chinn- Rurmn-Indln 
thf^er 

Totnl 

AiHimlta 

Phtllpplnoi 

Otbtv  , 

Total 

Barms- 
Intlls  1 

Chins 

toil 

1 

March . 

(1.  «6 

Julv . 

.  12 

.^UKuat.  . . 

.27 

S'ptr*inb<*r- - .  _  - 

1.  06 

October . . 

.71 

November _ _ 

.87 

iVopmber...  . 

.  06 

Total . 

afil 

m3 

January . 

8.  811 

6  56 

Feliruary . 

6.011 

0 

.March . . 

4.65 

0 

April...  - . . 

4.  12 

0 

May. . . 

5.  62 

0 

June . 

6  26 

0 

July . 

4.55 

0 

.AiiKiwt _ 

5.  12 

0.09 

.30 

September.  . . 

4.08 

1.  94 

October . . . 

4.64 

.28 

November . . 

.1.  06 

.66 

. 

4.04 

.33 

4.  41 

Total . . 

4.79 

0.04 

1.22 

January . 

3.  13 

0. 12 

4.66 

0.  12 

1.33 

February  . 

4.20 

.85 

5.  65 

.  17 

2.59 

Marrti . . . . 

6  19 

.24 

6  68 

.  15 

.  17 

April . . 

2.28 

.  17 

2.  72 

.28 

360 

May. . 

3.70 

0 

4.36 

.46 

5.62 

June . 

4.  12 

1.72 

4.  46 

.  16 

4.  10 

July _  .  - ... 

13.40 

.42 

14.  84 

.20 

346 

AuKUnt  . . 

34.56 

0 

37.59 

0 

Z80 

Heptember. . . . 

11.70 

.43 

IZ  58 

0 

353 

October . . . 

4.60 

.29 

4.88 

0 

7. 12 

November.  .  . . 

1.92 

0 

006 

2.  82 

0 

677 

698 

4.26 

December . 

1.  21 

0 

.42 

1.  78 

0 

4.44 

4.79 

1.99 

ToUl _ _ 

7.93 

0  41 

1= - 

's— ~B=S 

9.  75 

3.82 

■n  faotaatM  at  aad  «'  table. 
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Table  43. — Admiation  rates  of  scrub  typhus  ik  U.S.  Army  troops,  by  month,  t84t-i6,  and  by 

tkeaUr  of  admission  ' — Continued 


Month  and  year 

1 

SouthwMt  Arra 

South 
pacific  1 

China^BunnasIndla 

theater 

Total  1 

Australia  j 

1 Philippines 

1 

1  Other 

1 

Area 

Total 

Biinnaa 

India 

China 

1 

tus  1 

! 

1 

1 

January.  . . 

1.66 

1.  01 

2.  67 

.  46 

6.  17 

a  71 

2.60 

Februarv _ _ 

1.  10 

0 

1.36 

.76 

1.77 

1.  60 

2.24 

.  62 

0 

.40 

.  04 

1.08 

.  2» 

5.60 

April . 

.54 

0 

.63 

.33 

.  74 

.  06 

4.26 

Mav . . . - 

.25 

0 

.28 

.  15 

.55 

.  07 

2.60 

June . . . . 

.56 

0 

.64 

.  22 

1.  31 

.  54 

4.  13 

July . 

.,31 

0 

32 

.  20 

1.40 

1.  13 

2.63 

August . . . 

.  11 

0 

.13 

.  01 

i 

.82 

.47 

1.78 

Septr  mh'T . . 

.  04 

(•) 

.04 

(•) 

.75 

.59 

1.  19 

October . 

.  12 

{’>  1 

(»)  i 

O 

.65 

.60 

.84 

November . 

.  02 

{«)  1 

I  .02 

{•) 

.30 

.  14 

1.  12 

December . . . 

.08 

(•) 

.01 

(•) 

.27 

1.02 

Total . 

0.  39 

{‘) 

.48 

i  (*) 

1.36 

1.  m 

2.  59 

Grand  total..  ... 

3.  34 

1 

i 

1 

2.23 

•  BwtAblnAOiBdtl  lur»niMKM  Hum  vlN7). 
>  UnitpotMd  (booBh  iroom  in  ms. 


the  sickbay  calls  there  were  due  to  lesions  initiated  by  these  mite  bites.  Only 
three  cases  of  scrub  typhus  were  reported  from  Espiritu  Santo.  They 
were  members  of  an  en^neeering  construction  battalion  engaged  in  clearing 
brush  during  the  18  to  24  days  prior  to  the  onset  of  their  illness.  Characteristic 
symptoms  were  observed,  and  all  developed  positive  OX-K  agglutinins  as 
diecked  in  two  laboratories.  This  ccmstituted  the  farthest  eastern  locality  in 
which  scrub  typhus  was  encountered.  No  other  reports  of  the  disease  were 
forthcoming  from  any  of  the  islands  in  the  Central  or  Sooth  Pacific  Areas. 

Scrub  Typhus  in  New  Guinea  and  Adjacent  Areas 

The  Eiseential  Technical  Medical  Data  report  from  the  Southwest  Pacific 
Area  for  September  1944,  dated  5  October  1944,  summarized  the  experience 
with  scrub  tj'phns  up  to  that  time  as  ftdlows : 

The  lint  caaea  at  acmb  trphut  in  this  theater  were  noticed  late  in  1942  as  troops 
began  to  move  into  New  Qnlnea.  Dnrlnr  the  last  S  months  of  that  rear,  the  total  of 
S2  cases  were  reported,  but  in  Jannaiy  194S,  tbe  number  rose  to  92  for  a  single  month. 
Thereafter,  the  rate  remains  about  tbe  same  with  a  total  of  92S  cases  being  reported 
in  194S,  and  438  cases  in  the  lint  6  months  of  1944.  At  that  time,  task  forces  moving 
Into  Dutch  New  Qnlnea  w«e  struck  with  the  disease  In  epidemic  form  and  twice  as 


SCRUB  TYPHUS  AND  SCRUB  ITCH 


28$ 


many  casen  occurred  In  the  enaulns  10  weeka  aa  had  occurred  in  the  previous  23  months, 
a  total  of  2,303  cases  so  reported. 

Up  to  that  time,  minor  foci  were  encountered  in  northern  Queensland, 
Australia,  and  at  Port  Moresby  and  Milne  Bay  in  New  Guinea,  while  more 
important  outbreaks  occurred  in  the  Oro  Bay-Dobodura,  Markham  V^alley,  and 
Goodenough  Island  areas,  as  well  as  in  Cape  Gloucester  in  New  Britain." 
“The  disease  was  continuously  encountered  as  the  military  operations  moved 
northward  along  the  coast  to  Salamaua,  Wau,  1.^6,  Nadzab,  and  Finsch- 
hafen  *  *  •  ”«  during  this  earlier  period,  but  these  episodes  all  remained 
of  relatively  min'>r  epidemiological  significance. 

Che  mortality  rate  la  not  signlllcant  in  s  military  sense.  However,  In  the  mortality 
rate  from  all  diseases  In  the  theater,  typhus  deaths  account  for  30  to  BO  percent.  The 
mean  case  fatsllty  rate  remains  low  •  •  •  .» 

In  comparison  with  the  overall  inddence  and  rate  in  SWPA,  given  in 
tiibles  42  and  4?,  a  summary  of  the  incidence,  mortality  rate,  and  case  fatality 
rate  is  shown  in  table  44  for  the  period,  August  1(142  to  December  1943,  baaed 
on  strength  only  of  troops  in  bases  north  of  Australia."  These  figures  are  con¬ 
sequently  higher  but  give  a  better  picture  of  noneffectiveness  due  to  scrub 
typhus  in  foci  encountered  in  forward  areas  of  operation. 

The  experiences  of  individual  units  were  sometimes  more  serious : 

In  one  unit,  with  a  strength  of  a  l,.'iOB,  that  bad  an  average  exposure  period  of  11.T4 
days  In  the  Markhsm  Valley,  37  cases  of  scrub  typhus  developed  *  *  *.  The  admission 
rate  for  the  period  exposed  was  73ft  per  1,000  per  annum  and  the  average  length  of  stay 
In  the  hospital  waa  In  excess  of  70  days.  Thirty-three  were  evacuated  to  the  mainland 
In  which  one  death  occurred  tthe  Ooromandlng  OOcer  of  Company  F).” 

The  two  most  serious  episodes  in  the  entire  Army  experience  in  any  area 
followed  almost  immediately  the  landings  on  Owi-Biak  and  Sansapor  beach¬ 
heads  in  Netherlands  New  Guinea  between  June  and  August  1044.  These  two 
outbreaks  provided  about  2, (KM)  cases.’*  By  the  end  of  1944,  there  were  2,500 
cases  in  the  two  area.s.  Although  the  case  fatality  rate  was  very  low  (about  2 
percent),  the  loss  of  time  from  duty  represents  a  major  military  handicap.  In 
many  patients,  the  fever  lasted  for  moie  than  20  days.  About  5  percent  of 
the  cases  were  seriously  ill. 

11  KMMktUl  Technical  Medical  Data,  Honthweat  Pacillc  Aren,  U.8.  ArM7s  for  Febroarj  1944, 
dated  H  Mar.  1944. 

**  Mee  footnote  A,  p.  277. 

uRe^rt,  Col.  Maurice  C.  PtacoPu,  MC,  Chief  Conanltnat,  to  the  Chief  Bnrfeon.  C.8.  Amy 
Force*  In  the  Far  Mart,  1  Feh.  1844,  oahject :  Be^rt  on  Bcrnb  Tyi^ns  Ferer. 

Kunrnttal  Te^nlcal  Medical  Data,  Soothwent  Pacific  Area,  D.S.  Amy,  for  September,  dated 
6  Get  1944. 

**<1)  See  footnote  11.  (2)  Medlenl  data  oa  this  disease  are  presented  In  other  reports. 

h«t  n  mlnloiDm  of  sneh  data  are  alao  Indoded  In  this  section  to  emphasise  such  epIdemloMcal 
fentnres  as  difference#  la  rinileiee  In  different  ontbrenka,  and  the  potential  aUltarj  coat  la  tlma 
loat  to  prorlde  a  baala,  If  desired,  for  contrast  with  other  Infections  soch  as  denme. 

M(l|  Philip.  C.  B.,  and  Woodward.  T.  IS.:  Tsntsnirattvshl  DIaease  (8cm&«Tjrphna  or  Mlte>home 
Typhaa)  In  the  Ehlllpplne  Islands  Darina  American  Heoccnpatlon  la  1944-^5.  II.  Obnerrstlons  on 
Tromhlcnild  Mites.  J.  Pamsltel.  S2  :  802-6IS,  October  IMd.  (2>  Verbal  reports  to  the  author 
from  Lt.  B.  Wharton,  VSNR,  who  Identified  the  mltea  concerned. 
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Table  44. — Ine\dtn<t  and  morialUy  dut  to  fcrub  typhnt  ferrr  in  f  *.5.  Army  troop*  in  haotn 
north  oj  AuttraliOt  Aug^»t  194^-Dtcrmher  lUJ^S^  by  month 


(1ncl<Setie«  r»i#  »>pf»»wd  *f  muwlicr  of  cmm  p«r  1,0C0  ATrntfce  stren^h) 
(MorttHcy  Mnumfwrof  dMihi  p^r  !.0C0»v«fa«»  ttmirth] 


Month  and  yfar  j 

Ctfm 

1 

I)nitb5  I 

libcklPMe  1 
tale  1 

MortaUly 

rate 

Caar  fatality 
ratio 
(pment) 

Stimath 

imt 

1 

1 

1 

2 

5.02  i 

.5,  174 

8 

10.47  ‘ 

9,  933 

3.  .55  I 

1 

20.  474 

Novi‘mber . ! 

_ 1 

3. 118  ' 

29,  4.57 

8 

. i 

.15,  (M4 

j 

2.96  i 

Jaiiuari . . 

«2 

'  4 

22.80 

1 

4.3 

41,954 

Fcbriiarv . 

62 

1 

2.5.  73 

.41 

1.6 

.11,315 

.March . 

4.') 

'  5 

12.91 

1.43 

II.  1 

45.  21)1 

April . 

.18 

2 

10.77 

..19 

:  3.6 

53.  125 

64 

14.  44 

1 

.57.  624 

June  .  -  -  .  -  . 

7H 

1  a 

la  65 

1.  IB 

6..1 

55.049 

July . . 

1  8.1 

•  6 

10.  73 

.  78 

7.2 

80.  375 

Au|(iif(t . 

81 

'  3 

11.47 

.42 

.1.7 

91,772 

Soptrmbfr  . 

»5 

>S 

laee 

.  56 

5.  .1 

115,864 

October . . . 

93 

4 

7.  79 

.33 

4.3 

124,  159 

November . 

67 

3 

5.58 

.25 

4.5 

156,  158 

Decerrix’r. . . . . 

119 

13 

6.74 

.  74 

la  9 

iai,.549 

ruui . 

967 

51 

9.96 

0.51 

5.27 

68.  228 

t  Reimted  m  ''typha^anUKrin**  detChi. 

Source:  EareiiUal  Teclnlcel  Medicol  DoU,  Aoutbweit  PocUlc  Arco,  S  Oct.  tf44  (eemcied). 


E^arlier  in  the  year,  a  flight  suigeon  had  called  attention  to  the  lighter 
incidence  among  Air  Force  troops; 

OrtHln  correlations  hsTe  bemme  evltlrnt  between  the  aillltaiT  fnnctlon  of  troopn 
and  tbelr  physical  rondltlan.  The  Incidence  of  scrub  trpbas  ( tsntsnxamnshl  fever)  lias 
been  abnont  netllcible  amons  Air  Force  troops  whereas  the  Inddence  Is  considerable  amoof 
Oronnd  Forces  of  both  tbe  American  and  Anstraiian  Fortes." 

However,  after  establishment  of  Sixth  Air  Force  headquarters  and  sup¬ 
porting  units  on  Owi  Island,  there  was  a  sharp  increase  in  incidence  in  the  AAF 
(Army  Air  Forces)  personnel  epidemic.  By  10  August  1944,  when  tlie  epi¬ 
demic  was  well  underway  and  tlie  strengths  of  the  Air  and  Ground  Forces 
were  approximately  equal  on  the  base,  there  were  288  cases  in  the  Air  Forces 
and  2S9  oa-^e^  in  the  Ground  Forces  on  Owi  Island,  and  an  additional  205  in 


>’  Qaarterly  Kcport,  Rmdsasrters,  fifth  Air  Pom  Service  Coamad,  dated  10  Jas.  1M4. 


scKi'B  TYi‘iu'9  ANii  sciirn  iT<‘n  :>87 

the  (.iroiiiul  Fori-ea  on  Hiiik.'“  An  account  of  llie  epitfeinic  in  the  Air  Forees 
in  ()\vi-Biiik  stiitea: 

Diirliif;  Iho  wtvk  eiiilili);  *  AiiKUxt.  Uir  e|ilileiiilr  liiitl  xtireiiil  until  lliere  wus  a  iveekly 
rnt»  (if  "M  ('iixeN  |M>r  I.lkkl  jier  .rear.  Itiirliiir  llie  irtvk  (nMlUia  'i<>  Aiitciixl.  Ilu‘  wi>ekty  rate 
(lr(i;i|>p<l  1(1 114  ciisex  |ier  1.000  ixt  J'ear.  From  20  AincuMt  lo  11  Oclolier.  there  wnx  nn  nveruge 
uf  '.’..I  |H>r  (la.v,  (IwtiKlIliii;  m  .I  ciiHeH  In  the  IiiHt  K  iluyH  iif  llie  iierliMt.  Ttir  latter  wiih  the 
rexult  (if  ii(>f{llKen(e  in  iilil(lliii;  li,v  exlxlliia  reKiiliilliiKx  (in  llie  iireventliiii  nf  xcnib  l.viihux. 
There  hii.x  lieeii  a  tnial  (if  Till  etixefi  wlih  :i  deathx  «at  (if  an  nveraoe  xireiiKth  nf  ii|iiinixl- 
inalel.v  1.1,000  *  *  *.  Kelirlle  |ieri(Ml  iixiuill.v  lilxteO  alniiit  2  \r(>(‘kx.  (If  milder  eiixex,  .IN 
were  reoirned  direell.v  In  doty  i  iif  tbix  niliiiber.  l.s.  nr  :H>  ix-reent,  hnd  tn  lie  relKixiiitnliied 
liecauxe  uf  xevere  axl  henlii  and  Byuiiitdiiintle  inehyrardla. 

Ill  Deceoilier  11144,  theiv  were  in  llie  I  wo  ;;eiirnil  liospilnls  on  Hiiik  niicIi 
reiidiiiisNiuiiH' — (liii^iiosin  iixtlieoiii  iiiiil  iieiinistliiMrni — 1  of  whom  were  rentl- 
iiiitted  for  tlie  third  time  iiieliuliii^  tiieir  initini  iitliicks  of  scnih  tV|>hiis  in 
Aii)fiiHt.  The  total  fiiiiiit)or  of  |iriiiiury  <“iim*s  liy  tlii.s  time,  iicrordiiijr  to  this 
iiiitliors  [lei'soiiiil  oliserviitioiis  oil  ’J  IkH-eiiilier  lt>44,  hud  reiirlietl  1,4(MI  for  the 
two  ishiiids,  with  7  dentils  and  a  |M>ssihle eighth  in  an  evacuee,  jriviiijf  the  reiiiark- 
nhly  low  case  fatality  rote  of  il.ll.^  |>erceiit.  On  the  basis  of  a  conservative  esti- 
niiite  of  an  avertifi^.  l<is.s  of  IHI  to  TO  iitiiii-diiys  jier  |>riniary  i>ntient,-'’  the  epiileinic 
on  the  liiiik  base  lepnisented  a  |ioteiitinl  loss  to  the  Army  of  !K),iM)i)  inati-days, 
or  iiirliidiii^  the  Saiis)i|)or  e|>ideiiiic,  liiO^IOt)  iiiiiii-diiys  iiotenlially  rlmr;B'ahle 
to  these  two  disasters.^*  Kpideniioloi'iciilly,  therefore,  such  low  iiiortiility  rates 
and  variations  in  viniletice  are  decejitive  in  evidiintiii);  the  niilitiiry  cost- charge- 
able  to  scrub  tyidnis. 

The  cost  ill  the  niilitiiry  .sense  is  even  more  strikingly  illiistnitetl  by  e.\- 
perieiice-  in  the  Sansitiior  e|iidemic.  AVithin  the  first  “JD  days  nf  landing,  4<Kl 
men  were  hospitalized  in  the  1st  Iiifiiiitry  Itegimeiit  alone.  Among  these 
were  the  regimental  conuiiiiiider,  e-xeciitive  offii-er,  and  It)  other  staff  officers, 
S  conipany  (snmmiiiders,  and  l.'l  other  offii-ers.*-  Quoting  from  iiiiother 
account : 

In  cuntraxt  lo  "K"  rBanmixirl.  whcrr  there  were  ia."i  eases  with  onsets  by  D+13.  only 
4  of  the  cases  from  the  earliest  anils  arrivtnii  at  "D”  (Owl  Islanil]  had  onsets  by  that 
<<qnlvnlent  time  after  arrival,  and  tbt*  epidemic  Inillt  ap  roiicb  more  slowly  at  “D".  It  la 
not  kiionn  what  the  p(*rcentaRe  of  Infection  In  the  reapertive  liiral  mite  populatlonii  was, 
bin  slndy  of  the  eaae  disirlhidloii  and  iiiieMlonInR  nf  patients  miiECeeted  that  the  retatively 
InnRer  Iwnliailon  iierlods  at  "D"  were  In  lairt  also  a  reUectlou  of  a  lower  level  of  vlmlence. 


(-  Personal  olserradons  of  Ihe  aiillior  Oironal,  dnta  sH|>|illesl  liy  ll2il  Krarnstlon  Hosellal  on 
Dwl  Iplaail  aotl  (lirothrr  ihnurmi.  Awu»t  1944, 

**8iimaieni,  P.  H. :  An  Oulbrmk  <i<  Krrab  T^ittnin  Amnog  Air  Pnrrt*  TroAini  In  Ihr  Koulhwmt 
Padllc  Arra.  Air  Bull,  211  :  iTl-aTS,  194A. 

s*Brownlnir.  J,  B.,  Raptiarl,  31.,  Klala.  E.  F.»  and  Coblant.  A. ;  Brrnb  Tjrpboa.  Am.  J.  Trop.  3lrd. 
25  :  4K1^92,  Norrabar  1045. 

nKahlR.  O.  M.»  Armbniat,  C.  A..  Iroaa.  K.  K,»  and  FblllPo  C.  B. ;  on  Tautaugnmimhl 

IHaoano  (Brnib  Tji^ua.  3ilto>bora«  T^phual  In  Xow  (Inlora  and  AiIJacoBl  lalanda;  Furlbrr  Obaorra* 
ttona  on  KpldomloloicT  and  Kltolmr>'.  Am.  J.  I  4t :  3T4-3(MI.  Maf  1U4*5. 

Lollor.  Lt.  Col.  Cornollua  B,  l*blttp,  BnC,  rollrd  Blaloa  of  Amorim  TjrMhaa  CnnimlMlon.  lo 
Col.  3(.  C.  rincoffa,  3IC,  OSro  of  tho  ililof  Hdrvoon,  Ibrougb  <*blof  Klxlh  r.B.  .Xrm)*.  «taio«l  29 

Auf.  1944, 

*•800  footnolo  21. 
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In  53  days,  during  the  epidemic  at  Sansapor,  a  total  of  931  cases  were 
hos]>italize<i,  with  a  fatality  rate  of  3.1  percent.  The  extraordinary  number 
of  nine  primary  eschars  on  one  patient,  and  others  not  infrequently  with  mul¬ 
tiple  eschars,  indicated  that  the  local  mite  population  must  have  carried  a  high 
rate  of  infection.  Data  on  admission  rates  on  1,000  per  year  basis  for  the  com¬ 
bat  periods  during  the  Sansapor  and  Owi-Biak  epidemics  are  given  in  chart  18. 
In  view  of  the  strain  on  hospital  facilities  and  the  severity  of  tliis  infection,  the 
noneiTective  curve  tor  the  Sansapor  epidemic  is  indeed  a  prodigious  one.  The 
]>enk,  which  was  as  an  individual  episode  higher  than  any  yearly  rate  for  all 
causes  in  the  entire  U.S.  Army,  was  reached  within  3  weeks  of  D-day  (31  July) 
and  could  have  been  serious  if  there  had  been  intense  enemy  opposition. 


CB.4rr  18. — Serub  iyplmt  <it  U.B.  Army  Foree*  yew  Oiilnen,  June-Srptrmbcr  im 
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In  beachhead  or  airborne  types  of  combat  operations,  it  was  often  possible 
to  determine  rather  exact  incubation  periods  in  initial  cases,  thus  aiding  local 
epidemiological  observations  and  determination  of  foci.  The  shortest  period 
noticed  in  Army  personnel  was  a  case  hospitalized  on  D-f-6  in  the  Sansapor 
episode,  and  contracted  during  bivouac,  at  the  mouth  of  the  Wewe  Biver  (Mar 
Village).  A  1T.S.  Navy  report  cites  an  instance  of  onset  of  illness  only  4  days 
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after  initial  landing.**  Usually  oases  appeared  in  exposed  units  within  1  to  2 
weeks  of  initial  exposare  in  focal  areas  as  in  the  864th  Engineer  Aviation 
Battalion  and  other  early  iinit.s  on  Owi  Islands  (see  table  46) . 

On  the  other  Jiand,  at  least  three  episodes  “  occurred  in  which  there  was  a 
peculiar  delay  in  appearance  of  cases  for  some  weeks  after  units  were  installed: 

The  flrHt  was  in  perRonnei  of  tiic  ITth  Station  Uoopitnl  at  Hiine  Bay,  which  moved 
Into  anil  eleored  its  area  in  early  Septemiier ;  nine  eaaes  developefl  the  third  and  fourth 
months  (November  15  to  .Tanunry  l.'i)  Ioiik  after  the  preaiimecl  mnxiiinim  expiMmre  had 
ocrnirreil  wiihout  accountalile  ohaiiae  in  Inoai  activity. 

In  tlic  second  instance  of  delayed  occurrence,  approximately  200  men  were 
engaged  in  clearing  hospital  areas  for  the  adjoining  360th  Station  and  9th 
General  llnspitals  on  Gootlenough  Island  during  Se]>tember  and  October  1943. 
Both  liospittils  tlien  moved  iu  late  in  October  resulting  in  the  exposure  of  some 
1,000  persons.  Twenty-four  cases  of  scrub  typhus  np|>enied  in  November  and 
December  among  personnel  of  the  9th  General  Hospital.  In  the  patients  and 
personii®!  of  the  360th  Station  Hospital,  the  majority  of  an  additional  24  cases 
occurred  iu  the  last  half  of  December,  long  after  maximum  e.xpo8ure  would 
have  been  expected  to  occur. 

In  the  third  epianle,  17  cases  develoi>ed  near  Finschhafen  in  four  batteries 
of  an  air  warning  battalion  situated  in  an  unusually  well  cleared  area  (fig.  15) 
previously  occupied  by  another  battalion  which  had  moved  out  6  weeks  pre¬ 
viously  after  approximately  3  months’  residence  without  occurrence  of  any 
cases.  Other  unaffected  units  were  in  close  proximity  on  all  sides.  The  bat¬ 
tery  of  the  subsequent  occupants  with  the  most  cases  had  been  installed  from 
88  to  112  days  before  the  onset  of  illness.  Investigation  suggested  that  these 
17  cases  together  with  the  only  2  that  occurred  in  any  adjoining  unit  were  con¬ 
tracted  during  clearing  for  and  attendance  at  a  newly  completed  grassy  amphi¬ 
theater  in  an  adjacent  ravine  (fig.  16).  Ironically,  the  theater  was  dedicated 
to  the  fiist  victim,  T.  J.  Ayres,  liefore  it  was  known  that  he  had  probably  con¬ 
tracted  his  infection  during  initial  work  on  this  project. 

The  last  two  of  these  small  episodes  also  involved  the  highest  fatality  rates 
of  any  individual  outbreaks  in  Army  experience — 27.5  percent  (Goodenongh) 
and  35.3  percent  (Finschhafen). 

On  invitation  of  the  Chief  Surgeon,  Southwest  Pacific  Area,  a  field  team 
was  sent  by  The  Surgeon  General,  through  the  Board  for  Investigation  and 
Control  of  Influenza  and  Other  Epidemic  Diseases  in  the  Army  and  the  Di¬ 
rector  of  the  United  States  of  America  Typhus  Commission  (hereinafter  re¬ 
ferred  to  as  U^SATC),  to  New  Guinea  to  study  the  epidemiology,  clinical 
features,  and  etiology  of  scrub  typhus  in  the  troops.  The  original  five  mem- 

**  J.  B. :  8cnib  Typhni.  B^port  of  EpMnalc  te  tho  SoQthvoot  Psdflc.  U.S.  Not.  M.  Ball. 

43<4)  :  Octo^r  11144. 

footnott**  IS.  pk  285:  20.  p.  287:  and  24.  <2)  larttor,  Lt.  Cnl.  C.  B.  Philip.  SnC. 

United  SUtet  of  America  Tfphae  CommlMlon,  10th  Medical  Serrice  Detachmetit  (General  loaboratorj ) • 
to  Chief  Sarteon.  T7.R.  Army  Serrice*  of  Snpply.  and  Director.  U8ATC,  ISIS  H  Street  MW.,  Waohleic* 
ton.  D.C..  2  Dec.  1044.  aobiect :  lareaHfatton  of  a  Small.  Locallied  EpWVmIc  of  Semb  Tjrpbat  la  47Stb 
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kiiiijii  kv»hi!<  iij-.*‘|i  «Ti!nj<  ill  l•i*i^l  t*>Fi'!*l.  !}B‘i«!iritiu.“'*#  wlii<-lt  j!>«  iiHtiHti.v  Biirt 


pri>M*n'«  tlisfuiswMrti  iva>;  ihiriirj*  lilf '••shIv  iijrirtlDir  iii'«>iSjm  .Ftiatu  WitnUtW^  niftl 
ft'»H  r»»ftnn«'t!  f4i  iliiK  bv  ii«>  •■tlftfU  fU»!nti  WTu(r, 

iwtli'Bjjf  ,f}r»w«t^4ni  int-K  >Vo  k»B»wn. 

fitUn’ks  s>n  (hsifw  l*.V  lrift»'s  fH'i’iicmU  immI  t.M’i.r  jmsslhk*  a*  Vi'wwsi 

Ri<s.  |ifftittHtiy5va*-'Uufc!iOWljv  ■  ,■■-  _  ,  . 

BrwtOTMv  vr»i  <rf  am-  "nninial  msi*n-»«v*'  (il'  (]«',, 

Uiaii.j'ais* ■■"hi'  iIh*-  varimix  winiiml.  l-iwawM'  «f  (B'rtutin 

pn>w'ai*»l>!B‘i-\iirtHnB  ill  niwiJims  Q»TO*)isfiiiid^f«l  in  lfp«’  Wiiii 

.frit;  i«  llw*  i*ivrJy«i»yf!''»'ff_ll»'Npw  friMui-a  <-ai,«jinij'ri 

tiit'v  «*w*  n(rt  H»  l»e  (limng  lalxiQitfsry  ()« 

'tlii'-wlH’r  l-taiHt,  ssira'iiis'  f»f  jtifwiiniH  ihwp,  rwHV«*ml  -fr*n«  fttVj 

■5-1%:.  .’Ikj'mw  ■lk)Ritiiln'ri»,-Xr»JJiriiB>o',  sitMi  fwii'n j'-t|p’y 
if'iimiftiii'Mlx  iM'iHii'f  iH'rii  }lMrnu>.  •  ihilttiM  ^hh  titr  vtnm  »-»nter  4-Wthfj 
«jx|iif>Jrt»raw  '}iliiy1i»j;'!»  jsiirt  h»  t!tp  f<««s  ‘tanxMrtitMHHi  -wt  tfw, 


■*t  St,  ft.  '  H, 


t-^ 


iwseciivon.,  '  fnpam-  veifsMnse*,  tre*  -Blir^vs.  'Hifi’  per-  - 

sisteim  of  infection  m-eerfftin  tissttw  of  esperinieatnl  ntts  for  periarts  ap  ta  «t 
tonst.SJS.dsys  i»'fi  ftiit}»'f«ct'of  fahjdwoefit*!  ^impomrico  «4d«Vcf4;fft  «  Army, 
'ioM iaWnitory r  ii 

-i:  ■  .■  -  -.Ifcoy  .8p«es  i»  ^TOwl-fewsm  of  rttet  botli  .dome^'ic  and  ■aati^’'e  or-  »M»  n  ' 
'93m  'tiA»n  ■%  sitriMj*  ia  '. 

#),  '^antaliW  4^irt^sitiws 
Md,;biEt  for 

slralfcti/»p«rnw»,-'iwfe«iir''«M‘ffed  dr  pdMferr^  m  aicoJiol,.  B- 

.; .  TronjAton,  of  tb«  Aifitraliaii  '  NafidaaJ,  ■^fnaeomi**.  and  to  -Of.  jl^lni^ofi. .- 

».  'M,t  Tirt -psa^ltea' '«f  «.  Swa^ Mitium  .ld» 

WW.''  -  '■  - ;■  ■  "  -- 

ii-.rv,, -■ '  af'tr«s*t«,  £.'1  A-Bwww.rf-riiia  .iBiwntoiM**  •««* 

,  i?  *»*,  - -Ojwwna»vf»rttt-af 'AttfiftfH, -^iaOl  tfi 

..iatitifc,  liMiiwi  irf ttaw*,' ^Bte# -<««' 

s-fi-i,-  -  •  -  ■  '■  -  ■.-  ■,-,  -  ■■  --..-'a*  -  ■-••  ,  ..  , 


'  ■  -WWA'ilSS?' 

Plci  RB  33. — Trvmhimta  eit^wki  {pepimni  «»  T.  flt  tckfri 
in  Mrly  K'jtortsf,-  ifip  dAMSkiit  %-»ctor  t>f  t*ut*nii{aiiii«s(hi 
«i?  sefoJ*  wihni.-  '15  - 


(■‘Itii  m  ts*.*  Aft  fii-4  »-f  ite  >  ni‘iti 

h  It,  hi .  i  Im*  Jmiwrtniil .  ItH-itf  jiirifteil  p'^'i'Viiir  <•!'  i»ni  dija  ;tM’, 

*infi  Jftfii*  fMrHii-iiirtlii-wj  imuiCtiiimuH  1  )«'!«■ iH'Mufj 


tlift  i Miw«!h,'-  S(ft'f«j'j»N4tUf*ft^  him'  twi'it  1 
u)nl  :miiU*l4i*  For  iHrilirr  liy 

tn  lift*  trroiUK.  iu-h  -jK'i  W'or  itaiftlti’oot  and  nniv  of 

Sra!'  jlfuiiitf  in  '  .  •  - 

{5<;f{i  and  tiafn.r  ntC*.  dJ'fwi  jaitTvinaf  ffttirkU  Hnadril  tn‘» 

\i'inv  ni»(.dljflio(i<  Mn*"  atiiinitl' or  nA  (4i!wt*  -«/•■  f'-dogji 

4tf.i">rSv-  >  '(iir(-pn  1ft!<  tKts  (nio  ^  iiswifwiltv 

aAiat'Jsw}  iti  rti!"  «if  iht'.ouk’r  nar  of  Un>iv  'iiiti,«ffll  Ttii* 

Ift'Wi'dSil  U'stijf  froin  vwfr  fimndi*;  a>> 

il#  td  altrtartaal  loiiritAnililf  5tA'Vi‘|o|tiiiini!f  in  idnartnl  luaiArj* 

I#  l«  lift*  Imindth-,  fciriat  ddlS*  A»f  llh*  »u*\»  icrnt  r;*( Mrti.  :«  tM.ittrr  of 

saiiH*'  wi.Tk,'; I Is't'vsn  w.  rndwiV  ti  fiiMttVnlfftii  fni'Md'dif'.dtH'arf' 
lift*  nitiviMffstiajlj  hy 

fnwi  X’rt  « id*ly jM.pfl-fw  <}«■  ftjirj/Mtn  «ffl4w‘ 


wtii.i)  taif  Af}i.^^j!(*i<jr{iftl4 

']<» ’t»lfj.‘  jfifM  »  Iw4*V  Si!VtHiiS?>-"**t^*-»rt'- 

WifrwIraM^^ pr4irfJi^4s»ri^ ^iiri''f‘>i!;,'  Jr^ 

?r  -js  i  »  <i?'}i-,‘f'’5' t^i  Ijaa'^ivfftl  ^,j  'f  -wn^ 


i  Pgf*^  i', 


« '« t%i  All  Mr  V  i  ir  t :  I  :  ahi  s 


’■  *. 


^^‘Kvl  Hi  4L.  Ciiliiiim  +«  K** * 


liil-it*  *«iu‘U»v>  jJf  iHtUntikrfK 


■  \\Ti\irrK  \ii%st  lu•;^^  ni  HfMrnvMf  \i(;\.'^ 

V-  ■'"■'■  '  -■•,•■-  ^ 

nliis-.vh  uiwtiMMiwI.  U'<»Wil.*>f mIu}  fliiu*"  ««'}i-  iisin-i  abiuttlsyiitj-  i'ji4‘Hiui  h 
ii»mTl»\'w«4K»t  biivp-i  Oi -]tf«i'ii»1v<*  i-ni^BT ^ 'jtf'i-J-'tfHitnvHy 
»T¥Sf~,  .4-i'iiji-»^»i'{iMiit.lyviJit’  f>tMi?fi'‘'fi(fiut’-  «rf<n.>U‘.!!(nT-«'k  wi'iv  sntt*t‘t>rtl  j!h*  .- “•  j 

»«  Ksnf  .tkyniir ;y«ti«ifiWnt  4l!»*nia  atifl  tt(>»rr  .iinriu'ii  iH  nt'iil'-rtcsl  / 
aAl*  iir  I  In*  I*!jt5lt|»|»0w"^  susil  wj»tl!*  'tttjri'Hj'  iif  rftnilii’rti  iH'H'a  tut-.  {>ii!‘ii!,^ 
tlti'Vartv  |kH1  i<f  till' ^IfUi!  it't  »>:»'‘li,  {iK'rtiWiila  r-fHVtill  sHiHHliti'  rttfJ'** 

'  '  ilWji'Ml'sVU'il  1-ittn‘r  ■a»«}.,.Vrj;jlWl)i'r'i*\rr.'iM''tl  in- 

iMrf'wirtpafSBl'vaiHji  *.ifi»ii!»Hni«t'«‘!vMf  i'i.«nipir»nj>>ii  "(ti  rniwliiHi;/  Thm*  ’■ 

iv-iwii  !iM>ni|Kt=t»sJik:'!»*i'»j'r*'»b«hirti»-^f  tifjx  waly 
JwritMi  t'll**  aflt-r  iIb’ *'* 

- TJh"  'iit-ml*  lA^iitU  **t'(  Hrn  j*  I'r-mi  i  \v*.v*»jtiS  1 1  .iiisi  MiiiU 

iT*  4}if5»f.uy  it»M.  i»'irwr.j  7** 


nic  ti  I  .-,1  • 


V'4  f  ti-r  I»*  a«f4jr{iirt«'>'k;  .>  HiHu* " 


r^f.f  t‘*4t 


mm-r 


>t.*rb«  E»  la|1i' «'f&l 


i  )_  »ijfc™  ^'k  <»1  4-4vTS  ■?»*“  ftssj  mf«j|*«  Ijirf  1  -» 

vtw-  t  V  «  l“*<fff<U<  '«■  I  JU  I  it  *•’’•»  %  Si"'* 

rr-  iftUii,  •  *c{i»i,  r*«r- "i  ■Mj'Wii*' ■*'<!_  /»  v, 

r  B  -Vsft-nBpJf  ^  J  t  ^  n.  'Mi«'*  s*  *• 

'’i  ^p.  r«ffl^-  4f  A.  |*.i'*?5  r<igj 

wilji  »y  i  n  I  AffU)  »Aa|h ’’j.  («i^nj'*»<<¥S^  A 

I  I"'  » 1  ^ 

1  ^  tj*'W«  lift  J«T«ib.  '  ’I J.  itJ"  ^-3jf  K?  ?!  -Ji.  >r- 

^  J  ».  pf  ,'*^s!SE"l'Tit  fTIjiM  <a»r’^^^-^’iJt  f*  T-i>t  ■?'!:  MiiJt  j  oi 
^.  Hi  t  ■*■  ’'1'  i  nl  ^is'  ll<  i*  L'K 

„  v''‘*^  *  . '  li  *?■  yffjc-ni  5U  i*  5  -  v\ 

"ij.  ^  ^  A*  }w<,t  rf.t  Bjj I»r^>  ^irr**  ‘  T-rtf  <».  l  ’  nt 

1.  JU  »+  »  BI-JU  ,i^e  <  ■»  1 1  I.  4  '(,]  *j».L.tafo 

i1v-  *  *H(i»l  I  r  '"‘i'  1  V 

i  t  n“t  t  I'’*'*  f ‘*'^**1,  VfciSfsi  iiU,’^«m., 

5  i’‘'“  twi-W_'"4.  tM^'irm'*'  -sA  tfai rjw  r"  ^ -i'*,’" • 


4  L  Jif  T»‘'i  •  T 


TTTraj" 


i»i  S^!iiiri!h(ry'ti’i**is  f5»|>4(n.';  iiMyliairwl  iirtar. 


d)'  xu<’}»  t<ir  ItKitStritilinitoti:  i>f  aft  Arti'V  l»*»‘  .  . 

it*  Uii'  ntilifan  itiSfitnift'  aw<{  irthcf  iHxtN-tljKnau*  ilira'ttMJx  it*  :  i 


-' •'  -  jJS 

■  '  Hiiatwi't  wlix- (< Wl,e*' 

1.  'if  5‘«l  Waitti-t»  with  I'ftiu  *•!  41  tib'- 

floiWitif  {M'utiia'ritt.  ••  ■  '■■■■ 

- Z'4‘«a«(fal«in  wf  MVinm*'* 

a.  ■■■ ,  '■  j'  ■  ,  ...  " 

.  ■  ,Vs  '■‘••nsU 'i  W-.ix  lit  iin'n'aM!!"  awjtniit'ix  »»ih1  ♦•Uviittif-lji' 

'  ■•-,  ■witlt'xfwisinlaiH'us  (aiif-;'  ,  ■ 

rt-ftl.  iiint -ii -w»^ «n-r*i}«rt'ait'ii'Hini.  (liv  t-uslWMai-i-  sunt  trf  '  ... 

S.  stixt*  t'lM'iivt'  ill  'tmail' liHU’  -1^1;  TllJS  Was  'h|^  “■ 

.jjrtii'  tip*  l*s»xis  rtii'.  l«n4 s-i’iaif >(«*<?. HiStstajMM'.f  ltt  j 

iti|?  «f- Htilifsiry- nmis  i*i%aHi*"idiy  ttiiu*  fws^  rais*  lakt-ti  iw  siw*  J 

^  ■  .  tMiJmi'iinj*  Hwi-jKiiss  miniiiiwl  six  IstuviK:  iniVxlixl  an.  in  firt'VioMs 

r-  "nilfi.ttk.s  «lixf>rvtH4  in  }>*4H«1ttrsV.  iloUstiidia.  shmI  oiIm'I' sinais  iii;  jSinv  t  iishtwii 

a'jni  inatririiifit  in  j  ssniiplinjf  liy  'du*  tSitk  Ksiial  C'tiisxinifiisiu^''"'"' 

**  Baiittliit}*.'^  r.otl»  ifsifar'Mr'iirvcv  I  'liU.'"  sit  Owi  .milSsiHxafwc.  in  Bitiwss 

s?  -■  *  •  »  -■  ”  V  '»*  '  -  —  ,  ,  .  _  '  -  :.J 

iJmi  Ufmd 


jfc?.  t^il.L  13'  1*3  4^**,  f‘*44*.  f-Si  Ma’n’iurttiwlttn*.  .«  »  . 


i«i^ 


'i  r-  -  tr'  ', 

■.i>- 

I-  •<  '-  ’'■•  ;■-.  '-1  •■if/t-  «,: 

1-  ■-;  M-  '  ■  *  li-t-i;' 

'  ^.ff, ,  ■ 

-.-ii  .] 

1  . 

•-  »t  -i  ' 

/  r*  '  ..u 

■■<■;■  -V,.. 

^  ’.  yf^}.  \  -.h  .{  > . 

i?i  '!  !. 

T!  • 

;;.--tt.>  V. 

i;-  ^■■ 

<i‘  t  ^i'.^V:-^,J^=.U.t.M‘-‘J.^  V 

*.  •  *■’• 

.■«1vU;-‘-  -*4 

•  *  * 

..-v,  1  ...«  ;  .  y  i  ;  .  t..  tf,-. 

V.’!; 

•♦  ^  »'-<^}  <  •1 

';,t.'.>  .?  '  .sM  ! 

M«'irii«*ji  iff  ‘’itfMjf  i'tfift’-Ki***^'’  r«ii*  «»r<*fi  Kiiffj^'itt-,-  <rf‘ 


H  !*•  itw*  4.?f  fill**  4‘f  ftn*M‘  Hi.  i*‘«!JifTii  u«*  t<«ivv* 

.lli«‘iis  III  ilw»  I’rh'il.vv  .iaH«  mMl*’T>ifir.iK  ?■>«*  »>rf.r 

iiWuVlni st4itin  jiwf  i»f  aUrr?t?»M**  iif  Jbr  rit\ 

iMirnmM:,,  i*iut  unw  liilMiy  ttfifti  *imN'  -itf. 

itn^W  Jimw  III  tvrrMu,  iHniiiji  il«».  iitlihit  hVfi;if‘s.  iIb*  jjn* 

iitiil  lirtiif  iJ«t.  *i|‘  n.lih  l«  vtr^ih*  if  4?.' t*»'i **« 

^Mr.v  ib  r^ori  i4*'  .  ..  , 

iiiai  rf'j«»ri«»»t  jimibi?  iii*  hm*  •«’  n'fnH 

thsilji  f+ff '  i»n*HVH*«r  fi>*trt  .\tfn.li  ►\i»M*rboii  rJilau**rN.  \  vihk  miHirH’MTlfrfi**-  iu«1  d  >irb*l 
MilJ.  f{,  %,  ^i«'t'rttb«ii  H  |M**2r{iin  *>f  liriHil  llafrl  bj  lliti 

^xlrlbh  lui’^  In  il«'  *VW.  A/«{i’lii<ss|  I'billifftu 

Uj  il.  1 It^ivbl.'i'ft'il  Ilf*  till’ 

,  U**iU  of  b:»vf*  Iwtif  ili»''!*‘!‘ti'K  of 

m1io>  filsf  “fi  fiibiw  ii'fi*  Ih*  ♦•if«*»'|jvo  it*  niUii  fmi  H**:  *«»  of  wnrb 

15*411  ho'Ui'mK  j»trt**i .  viii***!*' r«t*»it  In  Um*  stv  >* 

I'fitHHioir.  ifitrlMa  *tt«*ri*ii»*i4s  imt-  tito  '‘ii'iinuui  iH«u?rffiHV‘  bamt 

li»*n  .MhilMo  In  our  ^  ^ynii  jmiUr  iibWi rliiaKirti 

lirw  lumtr  ti  "1  iira'Jilii*  lK*\v**H*r  ^  Tho.  tou-vi 


VlJuTf  «  \t  M 


KJ  «•  Jib'  jfv*  StnltluMV  rtYl  iKIirii)  t/j  JillU  ur 

"  *#  ■■'WKii' 

r  •*?  <iUTTi'ti  «  ^j»r#  . 


I  jiit  :iiV!i  I'Wmnjr  wji-  tc’<‘iM»{>r)-ln*«i  Uy  liirinu*.  fikWluMjs  :nMi  at  vsrt  iiii; 
a<'<!i*rt(iiijf^-«t  sn  aUn^iHiy  <n#  ;t(iaii|«iwi>r  itiui  wjfi'riaiH’til.  aijrt  a-idi  ac- 
Cl-feHiiOl  wfM'H  Ii5‘.ll  (■Ulcl-jffSK  rt*?,  <l»'H):l(n|fil  ( !inr»,  ,Vi  SHul  riMkir  dtv 

}^l•f■^snrr  of  ili  a  ;;'tv«'u  IwaiiitlMwl  or  j»i{tirii‘  oja-tfitToH. 

ijf  iMilldjfZM's,  ailti  irwfi^  M!i!'  iinm!«rih'''tn»A't{  in 

11  ffur  111  11  til'd  jiri'jr.irai ton  for  ••« initial  di'vrl<i[iiiii‘nf  id  idHir’t(|i',.doi-{v'.  ind  romls 
sIk!  for  t'si)ittIiditiiH*i!i  <>f  jM'i'inirtri’s.  I'iiinilsri'ly,  iifim'  hi  of  kii«ii\!i 
enrf  of  !i  fiii'tiii  lyjviiiiit.  i»i!iii|Htiv(*r  fhr  hiiiidi'lrariiii;  td  unit 

I'iitHliiiifi'r  wajS  sirailrtidr  from  or  cijnihniomil  diilfrf'  Otth:  in  . 

♦lit'  «*»riy  tirornkur  and  bir  rVrismfj.  I  (idiT  »}a‘M‘  I'irrhindaitii**.  llirh*  «a» 

I  .  im.«rti!r*'''tt'ndahf*’  iirtiliiiH-nioii  of  tifw  •■nM’ji ’m  itmtji.dttts'ii  iliil  ma-  Ijaii'  Hir 
1  ji'tflijifriiii'ninl  fttviirt'lH)!!  of  rr|H'llrtitdn'9)<'it  rhiitliiitw.- .4: 

Oil  t  livi  IdrtMil,  fill'  h»  SMiH't  dir  liijiiWE*  ilrmtlhu  fiir'i'itiiipjiMioii 

id  jipri'ai  jiio  ajrdft|i5(  and  dnrk^  Hi'ofwhly  n-oilird  in  j^tirli  lanH  iiiiWd ton  of 
nfcvditfidrma'  i!t.-dte**>’<r!li  K!t*rhf«'r  .Vvwiion  Itoiltdion  and  odirr  Itratl 


bantnsr  of  didaTsi  Hi  fiHiijiU'li'  rfrarhip  tif  Itn'ii*  iv^^trrtive  tmh 

«r**»i',!tnd  dt'lay  of  si-rrirat  of- iMn<>ri|ia*i‘y- -miidif.  id  _  rojadli-nt- •fiii’l'-lofltiiiir 
iW'UlHif'nf  ( tahlr  ,l,tth„  Fijinri''  .‘i2  au«|  iilso  iftiHtrstt*'  f  hr  drn?ip  ri'^ltiiion 
I'oTw  hio  jliis  jifiiiid  dml  ititjnaird  vim  iisij  lu  iliii'loiiriuj'  hy  hithd  only; 


.  j.-  '  Kii  ;  lit  Jtijtali;  !..iw>r,»iiir,V  I'*,!-  juittimf  t'lf'.  tiiltiili;;.  tK'ftftiit  ttlUt  JiittV-rinl  mu'!  „ 

. ■  ji'  ■  V fi{.~  tliiriiia  *  nKt-il  I'Htli  tif  .Vim-pfin^^J4w>- *'irttititt"tn{t''ti«'hlU!"istt  IMu-luru  '  , 

’iV' -  . 

■  /,'4  ,  i  UM  t  It.-I  l.rt  Ml  ^  .1  If  il  filM^i'y'l  ’>*f  ,M'‘  Il^l  I  fU'/i  . , 

''v  *  *  "I  f-tijliyt  !*'I  lotjyii  *•'■,  *1*.  ,  r 

■  '^ll^  "  *  '  '  I  '  I-'-' 

I  c  .  ■ill'll'*'  ■  / ,  -i'-/:;'*.-.  :  ,  tw  ■_, 

-  '  '  ■■  '  •  -  '  ■  1  Jh^' a  111  .  •<  S«ft  tS  4ws 'IJ  Vii  J't.Aii ,  ,■■ 


'  .  ..•  ,  ' 

•  ^  i..t»  ■  ,  -  .  .  t  .. 

..  ^•iju fr  hi»M' 

.  '■  •  fCi"ir^t  f  *  ' 

•  ,r,v  ■"  -  •  ^  Th  r'-ivni  «'■»*«’  - 

-!!•«  Iti'Xliij  ,  , 

, «.  ■  •  ,, 

‘  #*'** '  *■*>»* 


,  *.<■ 

if  ^  f-  '-!f 


4  ■'  f  -’5'  ^ 

y  ‘.-4 


i^sj 


i:  -iWic  >  •.'S*  i'i-'M  5M?A-a 


.  d 


♦  \i* 
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YOUR  AREA 


fnmMon  A  rnfotmUm^oref 


t'KiL'RE  (K. — r<wlf*r  UKwl  in  Bonthwent  riK'illo  An*a  t<»  rouibnt 
Rt-rub  tyiibUH. 


hoepitalizetl  tli«  Owi-lliak  e|>i<lt>iiiir,  iiiitl  at  Siinsii]wi',  931  cases  in  53 

days.  The  1st  Infantry  Uef;inH>!it  of  the  (Ith  Division  wiis  rendered  almost 
com]>let'.‘ly  iioiietTective  militarily  within  a  month  of  landing;  iit  Snnsupor. 

Judged  by  fiitiility  rates,  virulence  varied  in  different  areas,  but  tlie  greatest 
extremes  were  encountered  in  local  epidemics  in  New  (iuiiien;  nninely,  0.5 
percent  at  Owi-llinlr  to  .‘{.5.3  jieneiit  at  Finstdihafeii.  The  average  fatality 
rate  in  the  three  ninjor  ejtisodes  coveie<l  in  this  history  was  lietween  5  and  10 
percent. 

A  large  ]>ro]N>rtion  of  cases  in  all  areas  was  contracted  during  coinbat 
or  staging  maneuvers  in  jiriniitive  enrironineiits.  IVaks  of  incitlence  were 
relaieil  to  such  military  activities  in  the  American  experience  rather  than  to 
seasonal  influences. 

No  one  ecological  ty])e  was  identifiable  as  a  typical  scrub  typhus  focus, 
and  the  variation  in  environments  in  contributing  to  the  infection  of  troops 
as  the  campaign  ]>rogres.sed  indicated  the  iin|)OssihiIity  of  predicting  focal 
areas  ahead  of  ocenpation.  Foci  were  encounteretl  in  fields  of  native  grass, 
neglecte<l  coconut  plantations,  abandoned  native  villages,  vine-grass  margins 
of  tropical  rain  forest,  and.  at  least  in  linmni,  even  in  primary  jungle. 
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COMMr.NK'ABI.K  IMMKASES 


U.IS.  Aniiy  agencies  coutribiited  fniidiiiiiental  e|ii(Ieiiiiologiciil  iiifoniintioii 
of  the  disease  incidental  to  the  iii-iinni-y  inedicnl  and  i>n‘Voiitivc  fiiiiclioiis  of 
the  Medical  ])e|)tirtinent : 

1.  Transmission  of  the  disease  through  the  agency  of  Inra'iil,  (romhiciilid 
mites  or  chiggers  was  abundantly  confirmed  in  the  InlMiniitirj'  and  clrciiinstan- 
tially.  \o  evidence  was  obtained  of  other  nrthn.pods,  siicl\  as  ticks,  acting  ns 
vectors. 

:i.  Two  vector  sjiecies  of  mites  were  incriniiiiiiled  circumstantially  in  sev¬ 
eral  foci;  namely,  T.  deliensin  (synonym  wtdehi)  and  T.  akmnvuhi  (synonym 
■fletchrri,).  Kiich  was  confirmed  by  nnhntil  ex]ieriinentsit’Oii  in  U.S.  Army  field 
laboratories  in  New  Guinea  and  in  Bumisi  where  5  and  5^1  strains,  res))ectively, 
were  recovered  from  iiatnnilly  infected  iiiltes.  Ilyi'tei’eiideinic  areas  in  Hiimni 
were  shown  to  have  a  correlation  between  high  incidence  following  exposure 
and  n  high  percentage  of  T.  dclkmis  in  mite  sjiniples  on  indigenous  nits. 

3.  Transovarial  (generation  to  generation)  transmission  of  the  disease 
agent  was  confirmed  in  hilmratory  rearctl  mites  in  the  Burma  studies. 

4.  Strains  of  infection  were  also  obtained  from  indigenous  sjiecieB  of  rats 
in  both  New  Guinea  and  itiirma,  and  from  Assamese  tree  slirews. 

5.  The  identity  of  the  strains  of  disease  eiiconnteretl  during  the  three 
major  ejiisodes  with  one  another  and  with  classical  Japanese  tsntsngnmnslii 
disease  was  confirmed  serctogicalty  and  liy  aiiiniiil  experimentation. 

Control  measures  adopted  dining  military  operations  in  the  absence  of 
an  available  protective  vaccine  were  of  two  sorts :  personal  protection  and  mite 
avoidance,  and  initc  re<luction  by  environmental  nianipnlatioii  or  intensive 
clearing  of  campsites.  Clearing,  burning,  and  camp  sanitation  were  tlie  meth- 
otls  chiefly  reli^  upon  early  in  the  campaign  to  rwluce  hn7.ards  where  foci 
were  encountered,  but  this  did  not  always  pievent  the  continuation  of  cases. 
A  method  of  clothing  t  rentinent  with  a  5-percent  emulsion  of  insect  repellent, 
developed  by  the  USATC  team  in  New  Guinea,  was  widely  used  during  1945 
in  endemic  areas  for  protection  of  lioth  combat  and  staging  troops. 

The  Army  experience  with  scrub  typhus  was  unfortunate  in  that  many 
thousands  of  man-days  were  lost,  but  it  never  became  strategically  critical, 
although  it  might  have  at  the  Sansapor  beachhead  if  enemy  resistance  had 
been  heavy.  Under  the  impetus  of  military  pressure,  knowledge  of  the  dis¬ 
ease  and  its  geographic  distribution  in  the  Pacific-Asintic  region  was  vastly 
expanded  and  techniques  of  protection  and  control  were  develo|)ed  which  will 
be  of  profound  benefit  not  only  in  the  further  postwar  development  of  the 
endemic  areas  but  also  in  protection  against  chigger  attacks  in  other  parts 
of  the  world. 

ADDENDUM 

Scrub  Typhus  in  the  Japanese  Forces 

A  conii)lete  chronicle  of  infoniiatfon  on  scrub  typhus  In  the  Japanese  combat  forces 
does  not  beiouK  in  this  history,  but  it  is  not  ont  of  place  to  call  attention  to  a  considerable 
collection  of  docninents  which  accnmnlated  in  both  the  Southwest  I’aciHc  Area  and  the 
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Cblna-Dnrnia-India  thcat4T  from  various  sources  of  IntciTogalloii  of  prisoners,  trans¬ 
lations  of  captured  medical  reports,  and  Intelligence  reports.  No  atteni|it  has  been 
mnde  here  to  give  more  than  a  few  examples  which  wiii  servo  to  provide  some  idea  of 
geographic  distribution  of  Japanese  cases.  More  complete  Japanese  military  documenta¬ 
tion  is  given  in  Haynkiiwa's  postwar  report" 

The  lack  of  any  racial  difference  in  susceptiiiiiity  to  scrub  typhus  between  Chinese 
Orientals  and  Caucasians  was  apparent  in  the  preceding  account  of  the  Burma  experi¬ 
ence."  It  was  learned  that  the  disease  also  was  eiperlenced  by  the  Japanese  forces  in 
northern  Burma,  where  it  was  sometlincs  referred  to  us  "Burma  eruptive  fever,”  or  given 
a  place  or  descriiitive  name  ns  "Tentn  (Burmese  for  busby  swamp)  "  disease.”  The 
infection  was  sometimes  (le8crlbe<I  in  medical  reports  with  typhoid-iike  symptoms,  bnt 
negative  Widnls,  sometimes  likeneti  clinically  to  “mitebomc  typhus  fever”  with  strong 
OX-K  agglutination  and  other  symptomatic  slmiiarities.  iipecittc  Burma  locations  men¬ 
tioned  Include:  Upper  Chlndwln,  vicinities  of  Maiidaiay,  Sagning  and  Auiarapura,  Wnntho 
and  other  villages  within  100  miles  of  Mandalay.  Fatality  rates  were  lov.-  (one  spcciflc 
flgiire  7.4  iieicent),  but  “numbers  of  men”  passing  through  the  Bomra  Hills  east  of  Ivohima 
became  infected.  “Most  of  the  patients  contracting  the-  fever  died  after  about  14  days.”** 
There  is  record  of  a  special  fleid  study  which  included  injection  of  laboratory  animals 
and  reported  recovery  of  rickettslae  from  “Nanking  mice”  infected  with  patients'  liimsl." 
This  was  undoubtedly  one  of  the  strains  studied  by  Hayakawn  in  Singapore  and  on  which 
he  inter  baaed  its  new  name,  Rickettnia  oricntallt  vnr.  tropica." 

Captured  enemy  documents"  have  Indicated  that  hospitalization  of  tsutsugnmnshl 
like  fevers  bad  occurred  during  Japanese  operations  both  in  New  Guinea  and  in  the  south¬ 
ern  Philippines.  The  laboratory  sections  of  certain  of  their  hospitals  and  water  puriilcation 
units  were  proiiabiy  ctinipiied  to  do  Weli-Felix  tests.  While  their  meiitcai  reports  called 
attention  to  the  similarity  of  cases  in  certain  areas  to  tsiitsugsmnshl  or  flood  fever  of 
Honshu  often  with  imsitive  OX-K  serology,  they  oppeared  reluctant  so  to  name  the  disease 
enconntered  in  sonthem  conbat  areas.  Instead,  we  And  reference  to  such  names  as 
“Hansa  Bay”  and  "Wewak”  fevers.  It  Is  diffleuit  to  believe  that  when  they  were  driven 
into  the  coralline  ridges  of  Biak  and  bivouacked  in  Bansnpor  Village  they  would  have 
missed  encountering  the  disease,  but  eapturetl  prisoners  with  medical  background  were 
not  plentlfnl  for  questioning  lu  this  regard. 

Captnretl  dnenments  indicate  that  cases  were  enconntored  by  the  Japanese  In  western 
New  Britain,  and  a  medk-ni  report  gixvui  data  on  65  cases  with  2  deaths  in  their  First 
Field  Ilospllni  at  Madnng.  Positive  OX-K  titers  of  800  or  more  were  obserTcti  In  22 
Instances. 

While  there  was  only  one  recorded  case  in  the  U.B.  forces  on  Mlndsnao  In  the  Philip¬ 
pines,  an  ADVATI8  report"  indicates  there  were  cases  among  Japanese  troops  In  an 


■■Rayikawa,  K. :  A  Comparative  Study  of  Jipanew  and  Tropleni  (Scrub  Typbna)  Tiotangarousbt 
Dlacaw  (jr.  arimtattr  var.  troptoa),  IS  Tab.  1046.  (Obtained  on  renreupntion  of  Malaya  as  military 
report  of  I.t.  Col.  Ktyoal  Baytkawi,  Medical  Corpa,  Japaneac  Army,  Aaslataat  Dtrrctor  of  the  Japanese 
Army  Institute  for  Preventive  Medicine,  Slnzapore.l 
*■  Sec  footnote  S2,  p.  202. 

"  See  footuote  88. 

•I  JICA/CBI/SEA,  neport  No.  0082.  New  Delhi,  IndU,  28  Oct.  1044,  anbjeet ;  Taetirs  and 
Strategy  of  the  Japanese  Ar.-sy  In  the  Bnrma  Campaign.  From  November  1043  to  September  1044. 

■■TraDsUtlan  Keport  No.  33,  SICA,  TIC  (Sontb.Vhist  Asia,  trsnsUtlon  and  Interrogstlon  Center). 
8  Sept.  1044,  subjeet:  On  the  Frequent  Occurrence  of  an  Obsenre  Fever  in  Northern  Horma.  Fart  I. 
Riycshl  Uroup  Metlleal  Data38,  0  Jan.  1044. 

■■  See  footnote  8S. 

•<(1>  See  footnote  26.  p.  277.  (2)  Letter.  Lt.  Col.  C.  h.  Philip,  SnC,  to  Brig.  «en.  8.  Ba.vor.Jonrs. 

Director.  United  States  of  America  Typhus  Commission,  Washington,  D.C..  15  Jan.  1D45.  Inclosnre 
thereto,  13  Jsn.  1045,  subject :  NotCK  „n  Kercreneet  to  Senih  Typhus  In  Captured  Enemy  Documents 
and  tuterrogatloD  of  Prlsoueni. 

■■ADVATIS  Bulletin  No.  64,  AdT-,nc«6  Allied  Transistor  and  Interpreter  Section,  Southwest 
Fadfle  Aren,  14  Dee.  1044.  Tranilntlon  of  Medical  Intelligence  Report  (Japanese). 
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niiNiKM'ined  ar(«  on  that  Island.  Again,  the  disease  was  only  likened  Ui  tsutsugaiiiushl 
disease,  but  not  diagnosed  as  such  In  spite  of  positive  Well-Fellx  reactions  and  presence  of 
rash  and  aden<ipathy. 

Subsequent  Information  became  available  In  an  extensive  reiwrt  of  Investlgatiims  by 
llayakuwa,"  who  decided  that  the  tropical  disease  encountered  by  the  Japanese  forces 
was  a  variety  of  the  more  severe  malady  In  the  homeland.  Studies  and  descriptions  of 
mites,  reservoir  animals,  and  the  ecology  of  the  disease  are  Included  In  the  repor  .  The 
sciittering  Incidence  he  reports  corroborates  the  lack  of  any  central  collecting  agency  for 
diita  on  military  cases  for,  "not  a  case  was  reported  In  Luzon,  the  Philippines,"  mid  their 
Mindanao  episode  was  unknown  to  him. 

The  Postwar  Army  Expeiience  and  Accomplishments 

"Overnight  as  It  were  n  once  severe  and  often  mortui  disease,  centuries  old,  uiucfa 
feared  by  pinnter  and  serving  soldier  alike,  had  lieconie  trivial"  was  the  memorable  state¬ 
ment  made  In  the  lIKit  Jubilee  Volume  |No.  20)  of  the  Institute  t->T  Medical  Retearch 
Feileratlon  of  Malaya,  liCimla  Lumpur.  This  was  a  tribute  to  the  dramatic  success  of  the 
llrst  antibiotic,  riiloroniyiHdln  (chliiramphenbid).  shown  to  be  effective  In  held  trials  of 
I'hemotherapy  nnd  prophylaxis  agnlnst  semh  typhus  by  a  cooiierating  Army  team,  uuder 
leadership  <if  Ur  Joseph  K.  Smadel,  sent  to  Kuala  Lumpur  In  several  contingents  itegln- 
iti'ig  in  ItMtt.  After  <ieninnstratl<m  thnt  this  drug  could  lie  relied  upou  as  a  curative,"  the 
chomoproph,vbici Ic  efllcacy  was  Investigated  by  exiswnre  of  \nglo-.Vmerlcnn  anil  oalivt* 
volunteers  in  hyiwreiidemlc  lo<'iiti<iiis  with  the  reinurkuhle  Inilini  result  that  21'  of  46 
Itersons  iiecaioe  lnfe<-ted  in  the  6rst  test;**  though  the  climatic  Ittfluenie  on  nbiinduiu'e  of 
vwtor  mites  was  reHected  in  variable  attack  rates  In  the  series  of  exiswurps,  the  infn'Ilon 
rates  In  equivalent  <-<11111x11  iind  pmphylactic  groups  were  essentially  the  same.  The  drug, 
however,  snppiessed  iippenran<-e  of  frank  symptoois  in  the  treat<>d  groups  until  several 
days  after  <-essiitl<in  of  adnilnistratinii  of  the  drug."  This  nnd  suhsequeue  liifcrmatlon 
galiie<l Is  of  iidlltary  value  but  was  re<xigniBed  as  less  feasible  for  genera'  civilian  use 
ex<'eiit  <in<ier  unusual  circumstances.  In  treatment,  it  was  fnnn<l  that  there  was  usually 
prompt  fav<irab'.<>  response  t<i  as  little  as  4  to  ?  gm.  in  a  sliiKie.  oral  dose.  tK-rasloiial 
relapses  were  amenable  to  the  same  treatment.  The  treatment  re<x>inmended  an  a  renult 
of  these  studies  Is  an  initial  60  uig.  per  kHogram  of  body  weight  followed  by  0.2&  gm.  donea 
at  3-bonr  Intervals  for  24  honrs."*  Weekly  dosages  of  4  gm.  for  4  to  6  weeks  were  also 
found  to  be  ad<s|uat'j  for  cbemopro|ihylaclh-  suiqiressioii  in  v<)iunte(>rs  some  of  whom  hu<l 
proven,  <xincoiiiitant  rickettaemla,  but  only  one  ou  the  shorter  regimen  had  frank  enough 
symptoms  to  require  hospitalization.'*' 


••  Use  fimtnatv  88. 

w  Smadel,  J.  B.,  W<KMiward.  T.  R..  i,er.  H.  I  .,  Jr..  I'killp,  C.  B.,  an<l  Trauli,  R. ;  riilnrnnirrettn  In 
the  Treatment  of  Mcriib  Tyiihua.  Bclence  108 :  ItIO  161. 18  Aug.  1048. 

wphlllp,  C.  B..  Trauh.  E.,  and  Hma<lel,  J.  R. :  Chtonoiiphenlrol  11'hlomniyvetinl  In  the  C*ljemr.. 
profihjlaxls  of  Bcrab  Typhua  tTeutauaamuehl  Ideease).  I.  BpMemlologtcal  Obaerratl<Ma  on  Hyper- 
iVKlemii  Arena  of  Hera'i  Tyiihua  In  Malayn.  Am.  J.  Hyg.  AO ;  68-74,  lutjr  1040, 

w  Smadel,  J.  K.,  Traub,  11.,  i,ey,  H.  L..  Jr»  Pblltp,  C.  B.,  Woodward.  T.  E..  and  I,ewthwuitr  it.  ; 
Cblorampbenteot  tCblommyretln)  In  tfar  Chemoprophylnxls  of  Bcrab  Typhna  (Tsatangamnahl  IMa- 
eaae).  II.  Reanita  With  Voluntwra  Exposed  In  Hyperendemic  Arena  of  Brrub  Typhna.  Am.  J.  Ilyg. 
.ciOtTA-ni,  Jaiy  1940. 

>"*  8ma<lel,  J.  E.,  Traub.  K.,  Frick,  L.  P.,  Dlcr<rlia.  F.  H..  aad  Bstiey.  C.  A. :  Chtorampbenieoi 
(ChliiisHnycrttn)  la  the  Chemoprophyiaxiaof  Senib  Tyi>bus  tTautsiignmushl  PIseasel.  III.  Ruppresaion 
of  <irert  Dtaeaae  by  Protihylactic  R<*glniena  of  Four-Week  Duration.  Am.  J.  Hyg.  A1  ;  210-228, 
Marrli  1000. 

cu  Bmadel,  J.  B.,  Vro<slward,  T.  B.,  I,ry,  H.  L.,  Jr..  an<l  U-wthwalte,  B. ;  C'blorsmphrnlcoi 
(Chloromyretlnl  in  thr  Treatment  of  Tautsuganiusbf  Dlismsc  (Scrub  Typhus),  3.  Clin,  inreat.  28; 
1190  1215,  Septrmbrr  1049. 
so  Bee  footnote  100. 
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Snbaeqoent  t<i  tbe  earlier  theae  atutllea,  i(  n-us  uiHo  fuiiiid  both  la  the  laburntorjr 
and  In  thefleld  that  Aureuiuyeln  (eblurtetrai-yrilne)  and  Trrrnmyrin  (oxy  tetrnrycline)  are 
Binillarly  effieaciouK,  though  the  iiri«alblllt.v  of  "nntoa-ard  reactlona"  with  theMe  two, 
perMuaded  some  military  InveatlgutorM  to  favor  ehloramiihenleid  for  clinical  Mae.’"  Theae 
and  other  atudlea  by  varioua  tneniberH  of  thin  Anny  group  here  augmented  the  clinical 
and  lumiiinologlc  infonnBtlon  of  the  dlaeaae.  New  epidemiologic  obaervatlona  have  alao 
aevrued,  notably  the  demonstration  of  R,  tMUtnuffamuMki  In  Jungle  rata  and  alaa>  In  a  Bpeclea 
of  ndte  (Kutekiingatlia  ln4lca)  belonging  to  a  genna  different  from  tbe  ciaialcai  Trom- 
Meula  veetora,''"  and  reenipbaHU  on  the  rule  of  ntrda  whlrh  for  the  tint  time  were  ahowii 
to  be  tarrying  infected  mites. 

During  and  after  World  War  11,  vaccines  were  developed  from  two  sources — yolk  aaia 
of  embryonated  eggs  and  laboratory  animal  tissues.  Though  the  problem  was  complU'ated 
by  surprising  antigenic  heterogenlclty  of  strains  frmii  various  areas.***  laboratory  evidence 
raised  ho|>es  that  human  vaccination  might  be  elHcaclous.  Because  the  Vnllner  strain, 
recovered  from  a  Naval  patient  In  the  l'hl!i|iplnes,'*'  appeared  to  have  a  broader  antigenic 
character  than  some  other  IalKtrator,v  strains.  It  was  used  at  the  Army  Medh-al  I>e|art- 
ment  Research  and  Qraduate  Sdusd.  Army  Medical  Center.  Washington,  D.C.,  in  preiwra- 
tloD  of  a  rat  Inng-splecn  vaccine  and  given  an  extensive  Held  trial  In  .laiainose  fanners  in 
endemic  areas.***  The  diaaiipointing  conclusion  wns  that  this  vaccine  “was  Ineffective 
in  preventing  or  modifying  attacks  <iii  this  disease.” 

An  additional  episode  oceiirrod  In  Ainerhain  <wcn|>atl«n  troops  staging  In  two  ureas 
on  the  lower  slo|ies  of  Mount  Fuji,  central  Ilonsbn  Island.  Jaiian,  between  Angiist  and 
October  IMH.  Uf  a  total  of  l.illd  tnmiis  on  maneuver.  34  were  lumpliallsetl  with  tsnlsnga- 
niiishl  disease,  conflnned  serologically ;  at  least  an  equal  number  of  proimbly  Inapparent 
Infections  occurred  In  the  same  units  as  checked  by  ruodum  OX-K  reactors.*"  It  Is 
ilk  ‘V  that  n  new  spas-les  of  vector  nilte  was  Involved.*'*  Of  siieciiil  interest  Is  this  new 
focus  thus  dlscovensl  outside  the  classic  eiitleroic  areas  in  .lapan  tiiningh  tic  alertness  of 
Army  medical  oflic-ers. 

Hliice  certain  birds  are  known  to  become  heavily  inlested  with  ve«-tor  mites,**'  as  well 
as  to  uialnlaln  rleketlslae  In  their  tissues  for  more  than  2  b>  .3  wee-ks,***  it  Is  strong.!  that 
foci  have  not  shown  up  during  tbe  necupatinn  and  snbseiiuent  is>mbat  operations  In  Korea. 
It  appears  probable  that  suitable  ecoiogic  (ondltlons  for  survival  of  tbe  vector  mites  are 
mostly  lacking.  Otherwise  the  Infection  should  have  lauKinie  establlslied  there  as  readily 
as  In  the  vr.riniis  Isl.-inds  along  the  Asiatic  Coast. 


***Iiallcx,  C.  A..  *.«>.  II.  L..  Jr..  DIercks,  F.  H.«  Iwwtbwsltc.  R..  and  RmsMCl,  J.  K. ;  TrmtBH'nt 
of  Semb  Typhas  Erslnrd  m  of  Oblonoiplienlcol.  Aarrosiycla.  Tcrramycln,  and  PsmsmlnobcDsolc 
Add  AntlMottei  A  ChcnotlH-r.  1 ;  1S-!M.  April  ISSl. 

“•Tranb,  R,,  Frick,  I,.  P.,  and  Dlcrcki,  F.  H. ;  ObscrTstlons  on  the  ncrurrciicc  of  ttirketUtM 
fssftssasiulil  In  Rata  and  Ultn  la  tbe  tlalayan  Junalc.  Am.  J.  Hya.  SI ;  2B8-2TS.  May  1900. 

»  Sr-e  footnote  98.  p.  84S. 

'**111  8ec  footnote  .1.  p.  278.  Beogtson,  1.  A. :  A  Herolofflnil  Htndv  of  37  rasea  of  Tautauya- 
■uahl  Dtseaae  (Bcmb  Typhna)  Oentrias  In  Burma  and  the  FhiiippiDe  Islanda.  Pnh.  Beaith  Rep.  SI : 
887-894,  Jane  IMS.  (3)  goiailei,  J.  E.,  Ley,  H,  Lh  Jr.,  DIerckt.  F.  H..  and  Ymnb.  R. :  Immunity  In 
■crab  Typhna:  Resiatanee  to  Indneed  Reinfection.  Arch.  Path.  90;  8!7  8S1,  Pecember  1900. 

**  See  footnote  27.  p.  2U1. 

*"Bcrae.  T.  O..  Oaold,  R.  L,,  and  KItaoka,  M. :  A  Field  Trial  of  a  Tacrine  Prepared  From  the 
ToUner  Scrain  of  RtckeiHlm  fesfvsfOMuihl.  Am.  J.  Hys.  60  ;  337-342,  NoTember  1949. 

MS  Annual  Hlatorlcal  Report,  408th  Medical  Oenerai  Laboratory.  Tokyo.  Honshu.  Jnpan,  1948. 

rrs  Kuwata,  T..  Berne.  T.  O.,  and  fjlllp.  C.  B. :  A  New  Bpeeica  of  Japanese  Imrval  Mite  From  a 
Mew  Focna  of  Tsntanaamnshl  Dlaesse  In  Hotttheaatem  Roaslu.  Japan.  J.  Pamsitol.  .38;  80-A3, 
February  1930. 

r**  8ee  footnote  98.  p.  .348. 

>**  Philip,  C.  B. ;  Scrub  Typhna,  or  Tantaugamnahl  Dtaease.  Sclent.  Month.  89  :  281-289, 
November  1949. 
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Rocky  Mountain  Spotted  Fever 

GUn  M.  KohU,  M.S. 

Although  Rocky  Mountain  (.potted  ferer  was  first  recognized  as  ii  detinits 
disease  entity  about  18S0,  the  first  published  account  was  by  an  Army  surgeon 
in  18d6  concerning  the  disease  in  southern  Idaho.*  For  many  years,  the  disease 
was  believed  to  be  restricted  to  certain  western  States  and  adjoining  Canadian 
provinces,  but  following  proof  in  1930  of  the  occurrence  of  the  disease  in  the 
East,*  it  became  apparent  that  spotted  fever  was  endemic  throughout  much 
of  the  United  States.  The  disease  has  been  reported  from  all  States  except 
Maine  and  Vermont.  It  is  known  to  be  endemic  in  parts  of  Canada,  Mexico, 
Panama,  Colombia,  and  Brazil.  Its  distribution  by  coimties  in  the  United 
States  up  to  J anuaiy  1848  is  shown  on  map  8. 

Tlie  etiologic  agent  of  spotted  fever,  Rickettsia  rkkettri,  is  resident  in 
nature  and  is  transmitted  to  man  and  to  susceptible  animals  through  the  me¬ 
dium  of  infected  ticks.  The  disease  is  characterized  by  onset  with  chills, 
headache,  pain  in  the  muscles  and  bones,  fever  which  may  continue  for  2  to 
S  weeks,  and  a  rash  which  appears  initially  on  the  wrists  and  ankles  and  then 
spreads,  in  some  case:,  over  the  entire  body.  Nasopharyngitis  is  sometimes 
observed  and  was  the  working  diagnosis  on  admission  of  several  proved  cases  of 
spotted  fever  in  troops  in  World  War  II.  Clinical  diagnosis  of  spotted  fever 
is  usually  made  by  association  of  the  rash,  fever,  history  of  tickbite  or  contact 
with  ticks,  geographic  location,  and  season  of  the  year.  The  serologic  tests 
most  frequently  employed  in  diagnosis  are  the  Weil-Felix  and  complement 
fixati<m  tests.  The  latter  is  of  particular  value  in  differentiating  spotted  fever 
from  endemic  typhus  and  other  rickettsial  diseases.*  In  both  tests,  it  is  de¬ 
sirable  and  often  necessary  to  test  at  least  two  scrum  samples — one  taken  early 
in  the  course  of  illnees  and  the  other  after  convaleecence  is  well  established — in 
order  to  demmstrate  a  significant  rise  in  tiUr. 


of  Th«  Snnnw  Gonoral,  VM.  Arnj.  Wa«hl»Kto» ;  Itovornmeol  riintlaff  OSoo.  IK»«, 

Pf.  Ro-eo. 

■BtdfV,  L.  F.,  Dyor,  R.  X.,  sM  RuDrvkfe,  A.;  As  of  th«  Rocky  Moaatala  Spotted 

PoeerTyfO.  Pub.  Health  Rep.  4e3-f7a  Fekruory  1*31. 

*  Plots,  H.,  aad  Wertaiaa.  K. :  Sdeatlfle  Apporatee  sod  l^aboratory  Ifrthoda ;  the  Use  of  the 
CoaplemeDt  Fisatlon  Teit  la  Rocky  Moaatala  Spotted  Fever.  Bcteaee  9S:  441-442.  April  1942. 
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INCIDENCE 

It  could  reasonably  be  assumed  from  available  data  on  the  prevalence  of 
the  disease  in  the  United  States,  during  the  prewar  jeiirs,  that  spotteil  fever 
would  probably  be  of  only  minor  importance  from  a  military  viewpoint  in 
World  War  II,  despite  the  fact  that  large  num'licrs  of  individuals  might  be 
exposed  to  risk  of  infecrion  coincident  with  training  and  other  activities  in 
tick-infested  areas.  The  number  of  cases  per  year  in  the  Unitetl  States  during 
the  1931-41  period  ranged  from  249  in  1931  to  544  in  1939.^  'flie  greatest 
number  of  cases  reiwrtetl  for  any  one  State  during  any  one  year  was  127  for 
Montana  in  1935. 

For  variotis  reasons,  lioth  inetlical  and  statistical,  the  actual  Army  inci¬ 
dence  can  only  be  appro.viniated.  According  to  data  furnished  by  the  Medical 
Statistics  Division,  Office  of  The  Surgeon  Qeneral,  based  on  sample  tabula¬ 
tions  of  individual  medical  reconis.  the  number  of  admissions  for  the  total 
U.S.  Army  for  the  1942-45  (teriod  wa.s  135,  w  itli  0.01  the  annual  rate  per  1,000 
mean  strength.  No  oversea  cn.ses  were  reported. 

Critical  review  by  the  author  of  all  available  records  has  reduced  to  81 
the  total  number  of  oases,  probable  and  verified,  that  occurred  in  the  Army 
during  the  1941-45  period  included  in  the  present  report.  Utis  total  includes 
a  single  case  in  a  prisoner  of  war  infected  in  1945  in  l"tah.  It  is  quite  probable 
that  81  does  not  represent  the  tnie  incidence,  but  it  is  equally  probable  that  it 
approximates  it  more  closely  than  does  135.  The  annual  incidence  and  the 
number  of  deaths  for  each  of  the  26  .States  in  which  cases  occurred  are  shown  in 
table  47,  and  for  the  service  oonunands  in  tnbic  48.  It  is  of  interest  that  53, 
or  more  than  one-half  of  the  total  number  of  cases,  occurred  in  1943.  This  is 
explainable,  in  part  at  least,  by  the  relatively  larger  number  of  troops  in 
training  camps  during  that  year. 

Except  for  1943,  the  number  of  cases  that  occurred  in  Army  personnel — 
four  in  1941,  seven  in  1942,  nine  in  1944,  and  eight  in  1945 — was  insignificant 
in  relation  to  the  overall  incidence  of  the  disease  in  the  United  States.  The 
extremes  in  number  of  cases  per  year  during  the  war  period,  civilian  and  Armed 
Forces  combined,  ranged  frim  ^1  in  1942  to  502  in  1941.'  Even  in  1943  when 
496  cases  were  reported,  the  63  that  occurred  in  Army  personnel  represented 
only  10.7  percent  of  the  total.  The  fact  that  the  Army  cases  were  so  distributed 
that  7  was  the  largest  number  that  occurred  in  any  State  and  14  in  any  service 
command  in  any  one  year  further  minimized  the  importance  of  the  disease  as 
a  militaiy  problem. 


*  Parker,  R.  R..  and  Ollj^ant,  J.  W. :  Raekj  Maantala  F«v«r.  in  ComiDunlcabl#  IHapaaea. 

l^lladelphla  :  Laa  4  Fehlsar.  1960.  pp.  719>762. 

*  8aa  footnote  4. 
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Table  47. — Jiocky  .\founiain  tpotied  Jetfr  c4t$f  incidence  in  U.S,  Army  troops  by  StaUf  194f-4^ 
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ROCKY  MOI  XTAIX  SIKITTKO  PKVKR  XA 

MORTALITY 

Of  the  77  Aniiy  oises  tlint  ocoiirml  iliiriiif;  llie  tr»  itenutl,  ItJ  wiw 
fiital,  {'ivinj;  a  riiHe  finality  nita  of  1A.5X  |M‘rr<*nt.  Fur  inNtiw  in  iIh>  I'niittl 
States,  I  lie  annual  mortality  rate  |ier  ltNl,tMNI  mean  streii^li  was  n.DH  ninl  for 
the  total  Army,  O.OS.  On  the  laisis  of  IS  (lentils  iinimi};  Hi  ■•ases  (hiring  the 
l!)41-45  period,  the  ease  fatality  rate  was  111.115  la^nviu  as  eoniiMired  with  a 
rate  of  18.8i)  percent  fur  the  ^*1101111  {Mipiilalion  diirini!  tlie  I'.ISI  ti>  |N>ri(Ml.* 
The  close  ai'iwiaeiit  of  the  Army  case  fatality  rate  with  llint  for  the  pamral 
popiiliitiun  aiipiKirts  the  view  that  the  true  incidence  in  tlie  .\riiiy  was  closer 
to  77  cases  than  to  L'lri  during  the  Iti4‘i--I5  iierhsl.  'I'lie  iliagiiosis  of  Uia'ky 
Moiiiitiiiii  spotted  fever  was  verilied  or  reasonalily  widl  estahlisiied  for  all  of 
the  deaths  reported. 

SEASONAL  DISTRIBl  TION 

Distribution  by  inonth  of  77  of  the  81  cases  that  (ariirred  during  l!)4l-4.5 
ia  shown  in  chart  21.  Four  ruses  are  omitted  liere  liecanse  of  lack  of  iiifoniialiiHi 
as  to  the  month  in  which  they  (s-curred.  The  seasonal  incidence  is  corndated 
with  the  active  periods  of  the  |airticiilar  develn|iinenlal  stages  of  tlie  three 
vector  s|iecies  of  ticks  res|>onKil»le  for  traiisaiisshHi  of  tlie  disease  to  man.  Tlie 
ranges  of  tliese  species  in  the  I'nited  States  are  sliown  in  map  l>.  FIxce|>t  in 
rare  instances,  the  adults  of  tlie  Rocky  Mountain  wood  lick,  Pfmuirrtitor 
andertoni,  and  of  the  Amerii^in  dog  tick,  Permarentor  vttrittbili*.,  are  the  only 
stages  of  tliese  two  ticks  that  hite  ninii.  Tliey  are  active  chiefly  during  tlie 

CHAar  21.—  Hrmmnut  imrUrmce  of  77  Army  c«»r«  of  Horky  Kommtolo  oynllrk  frrer  kmrtmy 

CASH 


footaotr  4,  p.  Sftl. 


Map  1).— RausPH  iif  thp  ihre*-  known  vectont  of  R<ipk;  Mountain  apoftpd  fpver  to  wan  In  (lit  I'lilloil  Stnlo*. 


RfX’.KV  MOrXTAlX  SPOTTKlI  KKVKH 


«>55 

spriiig  and  enrly  suiiiiii(*r  iiioiitlis.  hut  the  iictivity  of  I>.  I'tii-iubi/ix  ndiilts  l)e};ins 
later  and  I'ontiiiiies  later  timn  in  tlie  ease  of  />.  unilerxoni.  The  iiiiiimture  stages 
IIS  well  as  the  adults  of  the  Ijoiie  Star  tiek.  Amhiyommn  <iiiicrimnnm,  attack 
man,  and  one  or  more  of  tliese  develoi>ineiitiil  stu>res  may  lie  active  throughout 
t  he  year  in  the  warmer  parts  of  the  i-egioii  wliere  this  s|)«-ies  occurs.  However, 
tills  sjiecies  lias  In-en  definitely  incriiniiiiitcd  as  the  resixaisihle  vei’tor  in  only 
a  few  cases,  none  of  which  are  known  to  have  involved  Army  i>ersonnel.  It 
«iis  an  inijiortant  pest  species  in  some  .southern  training  areas,  iiotiilily  ('aiiip 
Uiillis  near  Fort  Sam  Houston,  Tex.,  where  it  was  als<i  coiisidereil  to  lie  the 
prohnhle  vector  of  Bnllis  fever.’ 

PREVENTION 

Since,  control  of  the  tick  vectors  of  Rocky  Mountain  s]>otted  fever  was  not 
feasible,  except  (lerlmps  under  («rtaiii  highly  localized  and  sjiecinl  conditions, 
only  two  iirojihylactic  mensiires  were  mxiiiiniendeil — personal  ]>recniitinns  and 
vaccination.” 

Personal  precautions, — Emphasis  was  placed  on  this  measure.  Iiulivid- 
iiiils  w.-re  instnicteil  to  avoid  tick-infested  areas  if  jxissihle.  Ticks  were  to  lie 
removed  from  the  clothing  and  body  at  least  once  a  day  and  routinely  at  night 
before  retiring.  Attached  ticks  were  to  lie  removed  gently  to  avoid  breaking 
off  the  mouth  parts.  This  was  to  lie  <lonc  with  tweezers  or  with  cotton  satu¬ 
rated  with  iodine,  not  witli  the  bare  fingers.  The  site  of  the  tick  bite  was  to 
lie  painted  with  iodine,  mid  the  hands  were  to  lie  thoroughly  xvnshed  after 
handling  ticks,  especially  after  removing  ticks  from  animals.  I>ogs  were  to 
be  detickeil  at  frequent  intervals. 

A  iiieuii.s  of  preventing  tick  attachiiieut  was  obviously  needed.  Wartime 
mosquito  repellents  were  unsatisfactory  or  of  little  value  for  this  purpose.  A 
review  of  the  search  for  safe  and  effective  tick  repellents  during  and  follow¬ 
ing  the  war  is  not  pertinent  here,  but,  it  may  Iw  noted  that  several  have  been 
developed  which  offer  considerable  prc.mise.* 

Vaccinatioii. — The  policy  was  adopted  curly  in  the  war  that  mass  vacci¬ 
nation  of  troops  against  Rocky  Mountain  spott^  fever  would  not  be  under¬ 
taken,’”  and  as  a  result,  vandnatioii  was  pnicticeil  only  to  a  limited  extent. 
Prewar  exjieriencc  had  indicated  that  the  attack  rate  was  low  even  in  areas 
where  the  disease  occurred  most  frequently.  Protection  afforded  by  vacci¬ 
nation  was  likely  to  lie  incomplete  and  of  short  diinilion,  hut  could  he  counted 


^Br^naan,  J.  M. :  flMd  InrpudirAtloni  r^rda^at  to  BoIIIh  r«>Tvr.  Tpxji>i>  R^.  Biol.  Ik  Mod.  3: 
9IH-226.  1M5. 

*(l)  OtretiUr  LHtor  No.  .1.'*.  Offleo  of  Tho  BorirooB  Oon«”rol.  r.S.  .iraij,  3  Ff<>.  IMS. 
TrvotmoDt  and  Coatrol  ot  Certain  Tropiral  Dlooaooia.  (3)  War  liepartaioat  Tt.«t*holcal  Bullotin  (TB 
Mrdt  114.  fi  Nor.  1M4. 

•(1)  Brtaaaa,  J.  U.:  Pirhl  TMt»  WIU  Tlok  Rop^llrata.  Pub.  Iloalth  Sof.  a:t:  .X‘»-.S4C.  13  Mar. 
IMS.  <3>  CdP.  M.  M..  Bad  Rialth.  C.  N. :  Tlct  Kapolloat  larmtlintlonB  at  Bull'a  Inland.  8.C..  IMS. 
J.  Ecoa.  Butomoloity  42:  HMO  SS3.  IMO. 

^Loaa.  Arthar  P. :  Tht*  Araiy  InLiMBlaadoa  Prterraai.  /a  Modlrml  IVparlmfiJt.  Uaftod  Statoa 
Army.  Prrroallrc  Madldoo  la  Worid  Wa/  11.  Voluno  111.  IVraunal  HoallS  NraaaroB  and  iMtaalaa- 
lloa.  Waahlaftoa:  U.8.  Oorornaimt  l^rlatlac  OAer.  IMS.  bp*  ASS-.ISS. 
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on  to  modify  the  course  of  infection  and  to  insure  recovery  and  more  rapid 
convalescence.'^ 

The  policy  adopted  was  that  of  limited  vaccination,  largely  of  personnel 
in  areas  whei-o  contact  with  ticks  was  unavoidable  and  where  danger  of  in¬ 
fection  seemed  to  l)e  j)articiiliirly  great.  In  this  category  were  patrols,  guards, 
and  other  jiersonnel  ojK'rating  in  heavily  infested  areas  where  there  appeared  to 
be  a  definite  risk  of  contracting  the  disease.  Tlie  number  of  individuals  who 
received  the  vaccine  is  not  known,  hut  an  estimate  >nay  be  made  from  the  amount 
cf  vaccine  which  was  made  available  to  the  Army  by  the  U.S.  Public  Health 
Service.  Ituring  1012,  enough  vaccine  was  furnished  to  v.iccinate  20,000  indi¬ 
viduals.  Since  tins  ainoniit  apiKsired  to  lie  excessive  in  view  of  the  limited 
vacciiiatior  ixilicy,  the  l'.S.  Public  Health  Service  wo-s  requested  to  allot  a 
total  of  OO.tXKI  cc.  j)er  year  in  subsequent  years.  This  was  enough  for  aliout 
12,000  persons  im  the  laisis  of  the  prevailing  dosage  schetiule  of  4  cc.  given  in 
two  doses  of  2  cc.  each,  with  an  interval  of  .■)  to  7  days,  or  for  about  16,000  per- 
soas  when  the  dosjigo  was  changed  in  1044  to  3  doses  of  1  cc.  each.  Suhallot- 
ineiits  were  made  to  the  several  service  commands,  and  the  policy  of  limiting 
vaccination  to  certain  tiwips  in  areas  regardetl  as  particularly  hazardous  was 
emphasized.  The  quantity  of  vaccine  distributed  in  194.3  was  consequently 
reduced  to  an  amount  sufficient  to  vaccinate  about  10.000,  and  in  1944  only 
about  3,500  pensons.”  During  1945,  however,  enough  vaccine  for  approxi¬ 
mately  16,000  persons  was  distributed — the  inci-ease  over  1944  being  due  largely 
to  vaccination  of  prisoners  of  war  in  areas  where  the  danger  of  infection  ap¬ 
peared  to  lie  significant. 

So  far  as  is  known,  there  were  no  cases  in  vaccinated  individuals.  This 
was  probably  an  indication  of  the  low  attack  rate  rather  than  evidence  of  the 
efficacy  of  the  vaccine  in  prevention  of  the  disease. 

Witli  the  postwar  discovery  of  promising  tick  re{>e]Ients  and  effective  Uiera- 
peutic  agents,  it  would  appear  that  Rocky  Mountain  spotte<l  fever  will  be 
even  less  of  a  problem  among  Army  personnel  in  the  future  than  it  has  lieen 
in  the  past. 

Parker.  B,  K. :  Rocky  Moontala  Hpottnl  Ferer :  Beavln  ot  Firieen  Teara’  Proptiy'acde  Tacdaa- 
tion.  Am  J.  Trop.  Med.  21 :  May  IMi. 

*  Letter.  K.  R.  Parker.  IHrcctor.  Bocky  Moaatnln  IeaN>ratt>ry.  Baaillt«»n.  Moat.,  to  Lt.  Col. 
2.  W.  K.  Norton.  Mf\  Artlnic  INrrctor,  l^ldraiiob«ic>  mvlupin.  oBrr  oi  Tko  T^iiramta  Onoml.  I'.H. 
Anay,  1  Jane  1044. 


CHAPFER  XIII 


Yellow  Fever 


Stanhope  Bayne-Jone%,  M.D. 

No  case  of  yellow  fever  was  rei:oited  among  inililuiy  |M.>rsoiinrI  during 
the  period  of  participation  of  the  United  Slates  in  World  War  II.  Indeed, 
no  cases  occurred  in  military  personnel  in  either  the  years  immediately  pre¬ 
ceding  7  December  1941,  or  the  years  subsequent  to  2  September  1945,  to  the 
date  of  this  writing  in  November  19.51.  During  these  10  years,  there  was  no 
spread  of  yellow  fever  attributable  to  any  component  of  the  Military  Establish¬ 
ment  of  the  United  States.  As  the  risks  were  considerable,  and  eximsurc  to 
infection  is  now  recognized  to  have  been  greater  than  was  known  daring  the 
war,  the  nonocciirrence  of  the  disease  among  military  personnel  and  the  limit¬ 
ing  of  yellow  fever  to  endemic  regions  of  Africa,  South  AnKrica,  and  Central 
America  direct  attention  particularly  to  the  control  measures  that  were  applied 
to  safeguard  troops  and  civilian  populations. 

COOPERATIVE  RESPONSIBILITIES  IN  THE  LNITED  STATES  AND 

ABROAD 

The  control  measures  directed  against  yellow  fever  were  various  and  ex¬ 
tensive.  Their  application  involved  complex  national  and  international  ar¬ 
rangements  which  placed  unexpi'cled  responsibilities  upon  the  Office  of  Tlie 
Surgeon  General.  This  Office  dealt  with  tlie  problems  chiefly  through  its 
Preventive  Medicine  Service  imder  the  direct  ion  of  JA.  Col.  (later  Brig.  Gen.) 
James  S.  Simmons,  3IC.  In  carrying  out  its  mission,  the  Preventive  Medicine 
Service,  with  due  autliorisatiun,  developed  and  maintained  contact  with  nu¬ 
merous  commissions,  scientific  bodies,  civilian  and  governmental  agamies, 
including,  among  others,  the  L'i).  Public  Health  Service,  the  Department  of 
State,  the  British  Inter- Departmental  Committee  on  Yellow  Fever  Control, 
the  Government  of  India,  the  Government  of  Egypt,  the  Government  of  Brazil, 
and  among  military  commands,  particularly  thnee  in  the  Middle  East,  North 
Africa,  Middle  Atlantic,  Caribbean,  China-Bumia-lndia,  and  Pacific  Ocean 
aicits.  During  one  stage,  direct  contact  with  the  General  Staff  was  required. 

Tlie  main  point  of  listing  these  relationships  is  to  iiidirate  that  the  total 
operetitm  was  a  good  illustration  of  two  priiK'iples  of  military  preventive 
meilicine.  Tiie  first,  as  iNtiiiled  mit  in  the  history  of  llte  Medical  l)r|Mrtnieiit 


358 


« •( >MMrNICAni,K  D1.SKASES 


of  tile.  Army  in  World  Wnr  I,'  is  tlint  wliile  most  of  the  fimctioiis  of  the  Office 
of  Tlie  Surgeon  General  ai-e  eiim-enieil  with  technical,  professional,  and  ad¬ 
ministrative  niiiltcr;:  under  the  coiiimaiul  of  The  Siirpeon  (tencnil,  the.  functions 
of  preventive  ine<licine  rouceni  the  adininistnitioii  of  tlie  Army  ns  n  whole,  with 
res|>oiisihility  vesliiip  fiiinlly  iijioii  niilitniy  coimnnnilei'S.  The  sei’ond  prin¬ 
ciple,  valid  in  pence  ns  in  wnr,  is  that  in  detiliiip  with  n  disease  of  hemispheric 
distribution  and  potentiality  for  worldwide  spread  an  etfective  preventive 
propnim  must  se<-mv  interiintiomil  iindri-Ktiindiiip  and  nece)itiiure,  throiiph 
direct  c(iiitnct  iM-lweeii  exjM'rts  and  must  have  the  informed  sojijiort  of  the 
hiphest  poveniinenttil  and  military  authorities. 

These  i)rinci|iles  weiv  recopnixml  in  the  planninp  stapes  of  the  Army’s 
yellow  fever  prevention  proprnm.  Nevertheless,  they  were  overlooked  in 
some  phns(>s  of  operations,  with  resultant  delays  in  ciirryinp  out  |)ortions  of 
the  pi'oprani,  and  hindrance  of  uiovenient  of  troops,  civilians,  and  snjiplies.  In 
the  opinion  of  this  uuthor,  these  diffi«'nltii>s  were  attributable  largely  to  the  pro- 
lonped  iiepotintion.s  that  were  nspiireil  to  seimre  the  direct  intcmationiil  enin- 
muniention  wliirb  was  necessary  for  tlie  hiinnoniisinp  of  conflict  inp  rejjuintions 
and  diverse  spei-inl  interests.  Tlie  ne«-essity  for  fnidinp  the  way  tlirnnpli  a 
maze  of  cliaimel.s  of  slow-inovinp  connnnnieiilion  need  not  b«'  re]>eale«l  in  the 
future. 

Before  proceediiip  with  an  iivcoiint  of  the  control  ineiisiires  ami  some  of 
the  results  of  tlieir  application,  it  i.s  desirable  to  review  briefly  the  history  of 
yellow  fever  and  its  eonqiiest.  From  this,  it  will  be  s(>en  that  nil  of  the  essen¬ 
tial  information  was  available  when  the  I'nite*!  Stales  piitere«l  the  war  in 
December  1941. 

KNOWLEDGE  OF  YEI.LOW  FEVER  AND  ITS  CONTROL  BEFORE 

WORLD  WAR  II 

Ever  since  its  recognition  as  a  distinct  disease,  in  the  18tli  century,  yellow 
fever  has  been  reparde<i  as  one  of  the  great  plagues  of  the  world  and  as  a 
pestilence  of  enormous  potential  meiiai’e.  A  history  of  the  origin  and  effects 
of  yellow  fever,  by  Henry  Rote  Carter,*  piiblislietl  in  lIKll,  vontains  abundant 
evidence  of  the  disastrous  course  of  yellow  fever.  Tite  arennni  of  the  infliienee 
of  yellow  fever  upon  the  Ciiliaii  ('iini|Mign  in  189R-1!MN)  and  upon  the  eoii- 
struetion  of  the  Panama  Canal  is  a  familiar  stiiry.  Koiiiinaiely,  fur  all  .seek¬ 
ing  furtlier  knowledge  of  the  nHwleni  c«iii(|nest  iif  this  ilisease,  there  was  jiub- 
lislied  in  lO.'il  under  the  etlitorsliip  of  Geoige  K.  Strode,  a  suferli  volume 
entitletl  “Y'ellow  Fever.”  '  This  hook  jiresents  ]Mrticii1arly  the  part  playwl 
hy  I  he  International  Health  Division  of  the  Rockefeller  Fonnilalioii,  N.Y., 


'  TW  Mr4leal  Dtpaitmat  •€  Ikr  ttalM  Army  la  flir  W*rM  War.  WaphUrtna :  Oarme 
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(luring  the.  |>iist  :U)  vriirs  in  tin*  worlthvitio  mmjniipi  iipain.*t  vellow  fever. 
At  the  Slime  time,  it  ileiils  ii<1e<iiiiilely  witli  the  earlier  work  of  .Miij.  Walter 
Keeil,  MC,  iiiul  Miij.  Gen.  WiUiiini  (ioipis,  .‘iiul  treats  the  whole  siihje<*t 
l>roa<l1y.  It  is  :iii|in>|irinte  in  referring  to  this  volume  to  aektiowled^  apiin, 
on  lu'lialf  of  The  tsiirjreiai  Geiienil,  the  t reiiieiitloii.s  si'i-viee  reinleretl  tliiriiif; 
the  war  liy  the  Interim tiona I  Health  Division  of  the  Kockrfeller  Konmhition 
in  provitling  not  only  vast.  <;ninitities  of  yellow  fever  vaeeine,  hat  also  the 
jiersonal  services  of  its  Director,  Dr.  Wilhnr  A.  Sawyer,  ami  of  other  oftieers 
and  staff  iiieinliers  of  the  Division.  From  the  Division,  the  .Vriny  'eceiverl 
teelniieal  inforniiitioii  ami  advice  which  eniihled  the  I'liited  States  to  reach 
satisfactory  ugreeinents  with  <!reai  Britain,  Iinliii,  Kfrypt,  mid  other  countries 
with  regtinl  to  yellow  fever  quarantine  and  relatp<l  matters. 

In  his  ehii|)ter  on  “Liiii<hiiarks  in  the  ('ominest  of  Yellow  Fever."  in  the 
voinnie  "Yellow  Fever,"  just  cited,  Amlrew  .1.  Warren  shows  that  hy  1!)40 
all  the  knowledge  e.ssential  to  a  iiHHlern  control  pnignnn  had  Imh'ii  I'.stahlisheil. 
Ill  snminary,  his  main  {xiints  are  ii.s  follows: 

1.  The  proof  provided  by  the  l'.S.  Army  Yellow  Fever  Boiinl  in  ('nha, 
iimler  Maj.  Walter  Keetl,  in  lOOO-lOtll,  lliiil  yellow  fever  is  transmitted  hy 

II  iiiosqnito  (Afdcx  aegtfjiti)  and  that  the  <*an.sative  agent  is  nitramicroscopic 
and  filtnible.  The  final  proof  that  the  cnnsative  ugeiit  of  yellow  fever  is  a 
I'iriis  was  furnished  in  IShJT  hy  A.  Stokes,  .1.  II.  Bnner,  and  X.  P.  Hudson. 

2.  The  discovery  in  lt)27  by  A.  F.  Mnliaffy  and  J.  H.  Bauer  of  a  suscep¬ 
tible  “lalxinitory  aiiinml”  (Macnca  rht»u*  monkey),  and  the  discover}'  in  19.W 
by  Max  Tlieiler  that  white  mice  are  susi'eptilile  to  yellow  fever  I’irns. 

S.  The  development  of  the  mouse  protection  test  by  M.  Theiler  in  ID.'Jl — 
a  test  foinid  to  be  in<lis|ieti sable  for  einilemioloRic  surveys  as  well  as  for  other 
iiiiiiiiniologic  invest  igation.s. 

4.  The  ilevelopnient  of  successful  tecliuiqnes  for  the  eradication  of  the 
iirlmii  vector,  A.  aegyyti,  applying  particiiliirly  uiitimoeqiiito  methods  for 
^siiecies  sanitation,*’  us  advocated  hy  F.  L.  Soper  and  others. 

.Y  The  discovery  of  jitngle  yellow  fever  and  its  role  in  the  epidemiology 
of  the  disease.  This  resulted  essentially  from  the  work  of  Soper  and  his 
associates  in  Brazil  in  1032,  and  the  reports  of  various  investigators,  among 
whom  were  C.  B.  Philip  and  J.  H.  Bauer.  From  102M  through  subsequent 
years,  they  reported  that  several  species  of  Aedca.  Haeuntgogut,  h'n‘fmo/>odife», 
and  Tarniorhtfnrhu*  mosquitoes  were  capable  of  traiisniittiiig  yellow  fever. 

III  ilie  course,  of  these  studies,  it  was  shown  that,  in  addition  to  mosquitoes, 
ticks  of  several  genera  and  bird  mites  can  be  artificially  infected  with  yellow 
fever  virus.  Apparently,  ticks  and  mites  cannot  transmit  the  infection  to 
man,  but  the  significance  of  the  susceptibility  of  these  arthropods  is  not  yet 
fully  known. 

ti.  The  development  of  a  relatively  simple  and  practicable  inethnd  of 
vaccination  against  yellow  fever.  Imsed  upon  the  work  of  M.  Tlieiler*  and 
H.  II.  Smith  in  IA37.  with  the  IVD  strain  ( Asihi  strain )  of  yellow  fever  vims. 

*  III  rvMcvltiMk  ti  kto  STMt  wtriMtlti  III  til*  AM  TMkr  wm  *«*rM  IW  N*M  Priv  la 
IMI  a-J, 
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Problems  of  tlie  control  of  yellow  fever  are.  conipHcuted  by  the  j^^rupliic 
distribution  of  the  chief  mosciuito  rector  of  the  urbnii  form  of  the  disease, 
A.  aegypti,  throughout  vast  areas  whei'e  yellow  fever  cx-i-urs  and  vast  nivus  in 
which  it  has  not  yet  occuri-ed. 

Geographic  Distribution  of  Aedes  aegypti 

The  distribution  of  ^1.  aegypti  is  shown  by  tlie  shaded  areas  in  iiiap  10 — a 
»'ei»ro<luctiou  of  the  ina|i  iirepaml  by  Lavier  und  .StefanoiJoulo*  based  largely 
on  the  iiionogrsiph  of  Kuinfik.*^  The  habitat  of  this  mosquito  extends  in  a  l>elt 
around  the  world  between  the  purallels  of  45°  iioilli  latitude  and  40°  south 
lutitude.  Tiiis  huge  area  includes  the  known  endemic  regions  of  yellow  fever 
ill  (’eiitral  and  South  America  and  Africn,  regions  in  which  euidemics  of  yellow 
fe\er  have  iK-curml  in  the  past,  as  in  the  United  States,  and  in  countries  in 
which  yellow  fever  has  not  occurred ;  namely,  India,  llunna,  Indocliiiia,  Malaya, 
New  (luiuea,  Australia,  other  islands  in  the  South  and  Southwest  Pacific,  the 
east  coast  of  ('hiuu,  Foriiiosu,  Korea,  and  Japan.  In  coininenting  on  this,  Dr. 
K.  M.  Taylor  of  the  International  Health  Division  of  the  Rockefeller  Founda¬ 
tion  in  tt  letter  to  this  author,  dated  6  January  1950,  wrote: 

*  *  *  in  recent  years,  Cue  to  the  uoti-oceyptt  caniiwiKn  in  South  Anieriea  much  o( 
the  area  Hiiowii  on  the  map  has  now  licen  ridded  of  this  aiosqnlto.  Indeed,  with  the  excep¬ 
tion  of  iwrta  of  Central  America  and  the  United  States,  and  possibly  parta  of  Cuba  and 
certain  of  the  Virgin  Islands,  the  prevalence  of  this  iuo8i]ulto  has  been  reduced  to  a  point 
that  wouid  not  permit  yellow  fever  virus,  altbougb  introduced,  to  assume  epidemic 
proportions. 

Experimental  tests  ’  have  shown  that  A.  aegypti  from  any  of  these  regions 
can  be  infected  with  the  virus  of  yellow  fever  and  can  transmit  the  infection. 
Tliere  is  every  reason  to  assume  that  the  human  inhabitants  of  these  ureas  nre 
snsi'eptilile  to  yellow  fever,  although  the  proof  of  this  has  not  yet  been  brought 
foilli.  Tlie  occurrence  of  A.  aegypti  in  densely  ]x>pulated  areas  thus  far  ex¬ 
empt  from  yellow  fever  presents  the  menace  of  the  disease  to  the  Far  East.  For 
many  years,  this  has  been  the  reason  for  dreading  tluit  epidemics  of  yellow  fever 
of  unprecedented  destructiveness  might  occur  among  the  millions  of  nonim- 
munes  in  India  and  other  countries,  if  the  infection  were  introduced  among 
them  by  imported  cases  of  yellow  fever  or  by  iniected  moequitoes.  Protection 
against  this  ri.^k  Ivis  been  an  objective  of  major  concern  to  the  Indian  Govern¬ 
ment  ever  since  190-3  when  Mansoii  called  attention  to  the  health  hazards  to 
which  the  <q>eiiing  of  tlie  Panama  Canal  exposed  the  Far  East.  It  has  been  the 
basis  of  die  long-continued  rigorous  quarantine  regulations  of  the  Indian 
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Govermiieiil,  wliicli  in  turn  have  iiiflueiicisl  the  iv};nhitioiis  of  the  British 
liitei'-Depai'tnieiitiil  ('oiiimitle«>  on  Yellow  Fever  ('onirol  and  the  qiinraiitiiie 
regfulatioiis  of  various  colonies  of  (aiuutoriiil  Africa,  and  of  Kjfypt. 

The  distrihiitioii  of  this  inosf|iiiio.  .1.  determined  iiiteriintioiial 

Mild  Army  i»olicies  with  lesis'ct  lo  j'ellow  fever  control.  The  possibility,  how¬ 
ever  remote,  tliiit  tlie  Japanese  might  intrmhice  yellow  fever  into  the  PaciHc 
nreii  laid  an  iiifliieiice  in  1041  n|>oii  the  decision  to  ndojn  yellow  fever  vaceina- 
tioii  for  the  F.S.  Army. 

Ejndemic  Areas 

The  eiideniic  areas  of  yellow  fever  in  the  -Vinericns  and  Africa  (maps  11 
and  12)  as  delineated  in  the  2S  June  1950  issue  of  the  llVc^Vy  E pldi^nnologirnl 
Ilecoitl  of  WHO  (World  Health  Orgmiization)  are  ns  follows: 

The  Aaierlcan  Endeaiie  Yellow  Fever  Area. — TMh  area  la  iMainileil  liy  a  line  U>KliiiiinK 
an  tlie  I'aclflc  ('laiat  of  ('nloiiililn  at  ttu>  5*  N.  iMirnllcI  of  lalltade  and  exteadlai;  enat  along 
that  iwrallel  of  latitude  to  tlie  eaatern  M|o|iea  of  the  I'entrul  t'ordlllem  to  an  elevation  of 
2,001)  iiietreH;  theiu'e  xoutbwiird  along  iiie  eiialcm  kIo|m>k  io  Ihe  Central  Cordillera  aiul 
the  Andes  Moiiiitaliis,  at  the  same  elevailmi  to  the  Isanidary  of  Btdivla  and  .trgeutlna ; 
thence  eaatwani  anal  nairthward  alanig  Ihe  aaiatliera  anal  easlera  hoanalarh’s  of  Baillrla  lai 
the  l.'‘  S.  laaralla  l  of  latituale ;  theiia-e  mistn-aral  alaaig  that  isimllel  aaf  latitn  le  to  the  western 
Imundary  aif  the  State  of  (iaalaa:  thena'e  nairtbwural  alaaig  Hint  boundary  and  the  western 
buuiidr.y  of  the  State  aaf  Hiiraiihilo  |ai  the  Allantla-  Canist ;  lliena-e  along  the  Atlantic  and 
Carlhliean  caiasts  of  America  to  the  eastern  banaialnry  of  Camta  Rica;  thaaice  along  that 
boundary  tai  the  I’acific  Coast  mid  thence  along  the  Pacifle  Canist  of  Panaiiin  and  Colombia 
to  the  .'i°  N.  iwrallel  of  latitude.  In  aalditiaio,  Ihe  Ilb^us  anal  Italiunu  Districts  In  Ibe  State 
of  Biihlii  III  Ilratll  lioiimied  am  the  mirth  by  tlie  River  rontiiK.  am  the  west  by  Ibe  40*  W. 
nierlalliin  of  longitude,  on  the  sanilh  by  the  Rlvir  Panin  niiil  on  the  east  by  llie  Atlantic 
Dceaii  nn*  liia-liialeal  In  the  anideuilr  .rellinr  fever  area  The  ports  of  neh>ni  and  Manans 
In  Rraxll,  Cayenne  In  Freni-h  Gnimia,  PnraiimrllHi  In  Siirlnaiii,  Geairgelaiwii  In  British 
Guiana,  the  Carlhliean  iiorts  of  Venesiiela  and  Coloiiilda,  Ibe  I’illasa  of  Cnracas  In  Veneauela 
and  KascaitA  III  Caduiiililn.  tngelha-r  with  tlie  jsirls  of  the  Ri>|inlillr  of  Pnminm  iind  the 
Panama  Canal  Zone  are  exadualed  fnaiii  the  emleinlc  yellow  fever  area.  The  anntlniied 
exclusion  of  these  |sirts  anal  cities  Is,  baawever,  a-aaiitlnga-ut  am  Iheir  iiialDlenniice  of  an 
Ar4r»  arffgitil  Inalex  not  exceeding  I  iienvni,  as  reisirted  quarterly  lo  WHO. 

The  African  Endemic  Yellow  Fever  Aren. — hYann  Ibe  iiiainib  aif  the  River  Senancal 
alamg  that  river  amstward  to  the  15*  N.  iwrallel  a>f  liiiltnale;  Ibena-e  eastwanl  alaing  that 
iwrallel  taa  the  eastern  bonier  aaf  the  Angla>-Egy|illan  Sudan ;  ibemv  northward  alamg  the 
nairtbwestem  baiundary  of  Eritrea  In  Ibe  Real  Saw  Cawsl ;  thence  southward  alamg  the 
eastern  cawst  of  Afrlaw  tii  the  mirthem  Isaanalary  aaf  the  Freua-b  Somali  Caaast ;  theme  alamg 
that  IsaniHlary  sucaessivady  westwaral.  saantbwanl  and  awslward  to  the  eastern  isiast  of 
.\frica  and  tbenre  alamg  this  caaast  to  the  saantbem  Isaanalary  aaf  Ihe  Pnatas-taarate  aaf  Kenya ; 
tbenae  westward  alaing  that  bonnalary  and  the  soiilbem  bonnibary  of  Kenya  Colamy  to  Ita 
JniMilim  with  the  southern  borairr  aaf  the  I'ganila  I*mtn-laaralr ;  and  theme  along  this  and 
the  eastern  bonier  of  Riuiida  ITrundl  ami  of  Ihe  Ileigtan  Camgaa  taa  the  10°  H.  iwrallel  of 
latitude;  theme  westward  alamg  that  imralhd  to  ibe  wiwi  i-awsl  of  .tfrica  :  thimae  marthward 
ahaiig  the  wi>st  a<amst  aaf  .Vfriie  taa  Ihe  imauth  aaf  the  River  Sasirgal;  Ini'lmllng  the  laalauds  of 
the  Gulf  aaf  linlitea ;  the  wbaale  terrilaary  of  Nyusnlanil  Pnaieaiaarate.  Ihe  Itanatse  l*navlme 
ami  the  Balaavale  DIstria-t  In  Ihe  Wa*slern  I*nivlme  of  Northern  Khashoala,  logetba-r  with 


*  Isaer-ISesrasMOiasl  (NawaslUee  aas  IVltaaar  IVaer  CaanCna.  :ut  Inlefisi  Kafsarl.  yilaiaellsiwaius 


AI.m*  II. — Kiiili-liiii'  yclliiw  f«-vcr  !!«•#  In  Soiilli  .\iiu>rl<-ii.  <  Krtuii  ll'i  rkltt  KiiiHi  miuhtnirHl 
ffi'iftrd,  Wnrhl  Ilniltli  I li'j;iiiifxiill*>n.  lITnli  yi^iir.  Nn.  Juiir  IIKill.l 


lln>  ll•rrllory  In  tlii>  Soiiili  »r  IliiniiM-liiiKl  lyine  Ihmwosi  iIh*  'i:r  ninl  jri"  K.  iiMTliUnnit  nf 
ImiKltilili*  ilotrii  to  lli(>  L’l'  S.  Ittiriillol  of  IiiiIiimI<>,  im>  also  Iim-IimIihI  In  llio  tHnIonili-  iin>ii. 
Tlio  |M»rl  of  Aliissawii  In  Krllnai  nisi  an  ansi  In  kilonn'lms  In  railliis  fniiii  lln*  <-t*nlr«*  of 
llif  lowii  of  ,\siiinril  In  Krllnsi,  us  wi'll  as  <lio  lorrlliiry  of  tho  Fnsn'Ii  Somali  I’onsl.  Iin-lial- 
In::  llio  |s>rl  of  lijlhoiill,  iiro  oxi-linlisl  fnaii  llio  <‘iHU‘ini<'  iin^a.  ‘na'  isiiitliiiusl  oxoliisloii 
of  tliiso*  iinsis.  Is,  lunvi'ViT.  •  iMillnuinl  ihi  lliolr  nnilnloiniiHs*  of  iiii  li'ni-»  ui'vafill  IihIpx  imU 
l•Xl'<ssllu::  I  ivris’iil  in  lia-  |siri  of  Miissnwii.  In  ami  aroiiinl  Xa.inrii  iiiiil  In  ilio  |sirt  of 
lijilsiiilt.  IIS  nisirlisl  i|ntirlf*rly  to 

III  l!>4ii.  lln*  ^•^lll^•^Mi••  nf  yi'llnxv  fpvor  ill  ( Viiinil  mill  Sniilli  AiiM*n«*n 
|liiii|i  ill  was  i-|i*nrly  lll■tillt■«K  ami  |>nS<s-livi*  ViiiM-inatinii  anil  1111^1'  iiu*iisuivs 
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ilsr  12. — Kmleniir  yelUiW  frwr  nr«i  In  Africa.  (Khmii  Wrvklit  EfUrmMitfiienl  Rmtril, 
World  il<.>nltli  OnmiilsHltoii.  STiib  ynir.  No.  20,  38  Juno  IHTiD.) 


nf  pmlei'tioii  for  tronpn  .stai  innod  in  or  )Ni!winjz  thmiifi'ii  thanr  areas  were  an 
easily  ileiiiniisiralde  necesHity.  As  )M>inteiI  out  liy  ('ol.  Phillip  T.  Knies  MC,* 
however,  iiiinieroiis  difRciilties  arose  in  relainuis  wilh  the  liraxilian  Oovemnient 
over  reifiilatUHis  desi|;ne«l  to  prevent  tlie  inlrn«lnrlion  of  jiossibly  infectetl  mtis- 
qiiit4ies  into  Nulal  and  ntlier  ensteni  Hrazilian  |N>rts  hy  nir]>laiies. 


*  FMIU^  T.  ;  r«*rr<gu  im  Vnllfd  Hiatm  Jirmy.  l*rPTMi- 

firr  M^Mna  In  Worlil  War  It.  II.  Knrlrwwrnlat  Wawliliifftisn  :  r.H.  Otir^ran^l 

l^rtBtlnc  omtT,  H**  *71  :t24. 
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The  iievero  outbreak  of  yellow  fever  in  the  Anglo- Kgypl  iiin  SikIuii  in 
1940*°  alarmed  the  world,  tiii  it  indicated  virulent  extension  of  the  disease 
toward  the  East  (loust  of  Africii  and  possibly  to  Egypt.  It  is  to  lie  ivcalled 
that  in  1941  and  1942,  the  success  of  tlie  Gernnin  armies  in  North  Africa  force«l 
an  urgent  effoi-t  by  the  I'liiled  States  to  establish  air  tiniisiiort  routes  across 
equatorial  Africa,  from  west  to  east,  as  supplement  to  the  Mediterrunenu-Suez 
route.  Ileiire,  all  precniitious  of  vaccination  and  quarantine  were  applicable 
to  these  ureas.  At  the  time  when  they  were  instituted,  the  full  disclosure  of 
the  endeinic  African  yellow  fever  area  (map  12)  had  not  lieen  made  liecan 
the  iimmmologic  surveys  of  British  organizations  in  collaboration  with  t  ie 
Tnteriinlional  Health  Division  of  the  llockefeller  Foundation  weie  still  in 
progress.  Map  12  shows  that  the  results  of  these  siii’veya  made  from  11*42 
to  1950  extended  the  area  l>oth  eastward  to  the  coasts  of  Kenya,  Somalia, 
Ethiopia,  Somaliland,  Eriti'ea,  to  the  southern  bonier  of  the  Belgian  Congo, 
and  to  an  urea  in  Angola,  Northern  Rhode.sin,  and  Bechnanaland.  It  is  on 
the  basis  of  these  disclosures,  and  the  mure  recent  knowledge  of  the  ]>revalenre 
of  yellow  fever  in  West  Africa,  that  the  stiitenieiit  was  made  earlier  in  this 
chapter  that  the  exjKisure  to  yellow  fever  of  military  and  ns.sociated  i>er8onnel 
had  lieen  greater  than  was  known  at  the  time.  In  siipimrt.  of  this  opinion, 
the  following  isqnoteil  from  a  letter  dated  9  January  19.50  from  Dr.  John  C. 
Bugher  of  the  stiilT  of  the  Interiintioiinl  Health  Division  of  the  Rockefeller 
Foundation: 

Must  of  tliese  oiillireiiks  and  espet'iiillx  the  ones  In  Oidd  Const  niid  Nlm'rln  were  In 
recloim  In  which  tlie  aircraft  In  the  ferrylnj;  n|M>rntloiia  made  their  chief  stiipa.  In  iiir 
opinion,  ihe  risk*  of  coniact  with  yelUiw  fever  durlaz  the  war  were  eonsldemldy  crenter 
lhan  were  tlioiiKiit  ai  ihe  time  ihe  precaittlonar.v  ineasnres  were  esiabllsheil  and  the  fact 
lliat  no  cns«<s  ots-urnsl  aninnx  American  personnel  nnd  there  was  isi  evldeiiee  of  any  spread 
of  Ihe  dIsens*.  due  to  nir  tiaiisisirt  s|>eaks  ft«r  Ihe  efllclew.v  of  Ihe  ineasnres  In  fi>rre  nl 
the  lime. 

With  this  review  and  geiieml  statement  ns  a  iMtckgmmid,  it  is  appropriate 
now  to  return  to  an  ncctiiint  of  activities  and  events  in  the  .Vniiy’s  program 
of  prevention  nnd  ctnilrol  of  yellow  fever. 

DEVELOPMENT  ON  CONTROL  PROGRAM  IN  THE  ARMY 

On  24  February  llt4tt,  when  (’oloiiel  Siiiiiiious  was  iiwignetl  ns  ('hief.  Pre¬ 
ventive  .Metliciiie  .'Ms-fioii  (Inter  .*4ervice),"  Otiiee  of  The  Siirgetm  Geiienil,  tlie 
wnr  ill  Eiiro|)e  hml  lieeii  in  (trogress  fur  hImniI  6  iiMmtlisniid  tlie  (siHsible  invnlve- 
menl  of  the  United  States  in  a  war  that  might  become  gkihal  was  aiixiously 
coiisidered  by  tlionglitfiil  (teople.  Tlie  |iot*)ikle  need  for  iiiimimizMlion  of 
iiiilitiiry  iierstuiuel  ngaiiist  yellow  fever  and  tlie  iieetl  to  place  tlie  military 
forces  in  (Kisilitm  In  ctniiply  with  iiitemalimial  «|iiHniiiliiie  regiilalituis,  (Nir- 
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ticnlarly  tlicKse  of  Oi'ent  Hritiitii  uiul  India,  were  foreseen  l>y  Colonel  Simmons. 
He  began  at  once  to  develop  n  prognini  for  reconnneiulalion  to  The  Surgeon 
(ieneral  for  adoption  for  the  Anny.  He  was  e.weidioniilly  well  equipped  to 
do  tills  tliiongh  his  scientiHc  i-esearclies,  ex|>eheiu'e,  and  ]>ersonal  associations 
with  the  members  of  Army  and  civilian  groit|)s  that  had  lieen  engagetl  for  j’ears 
in  work  on  yellow  fever. 

It  is  important  to  note  that  the  program  was  develoiied  not  exclusively 
hy  Army  iiersonnel,  hut,  in  iiccoixhince  with  traditions  stemming  from  llrig. 
(len.  (leorge  M.  Sternberg,  hy  consultation  and  collalioration  with  civilian  and 
goveniniental  agencies  and  hy  securing  the  |)ntriot  ic  assistance  of  the  ablest  men 
in  the  tield. 

The  tirst  fonnal  ciinfereiices  on  the  subject  were  held  at  the  request  of 
Colonel  Simmons  in  May  and  June  UMO  by  the  ( 'onnnittee  on  Chemotherapeutic 
and  Other  Agents’’  and  the  Advisory  Committee  on  Tropical  Diseases”  of 
the  Xational  Research  (’onacil.  Thus,  liefore  the  entry  of  the  I’nited  States 
into  the  war,  a  |Mtttem  of  comprehensive  collaboration  was  established. 
Throiighont  the  war,  there  was  no  deviation  from  this  desipi.  Hy  following 
it,  inonlciilahly  vaittnhie  assistance  and  strength  were  woven  into  the  preventive 
merllcine  structure,  of  the  Army. 

The  main  elements  of  the  yellow  fever  control  program  of  the  Army  were 
as  follows;  (1)  Exact,  authoritative,  current.  te<-linical,  and  epidemiologic 
infomiatinn;  (2)  vaccination  against-  yellow  fever;  (3)  antimosqiiito  meas¬ 
ures,  both  general  and  s|tecitic,  incbiding  disinsectization  of  aircraft,  ships,  and 
other  transport;  (4)  qiinmiitiiie;  and  (.‘>)  adjustment  of  conflicting  regida- 
tions  relative  to  yellow  fever. 

Vaccination 

Va<fiiiation  against  yellow  fever  has  lieen  discussed  in  detail  hy  Col. 
Arthur  P.  Txmg,  M(\”  The  volume  “Yellow  Fever"  contains  not  only  a  chap¬ 
ter  on  this  subject  but  also  a  complete  presentation  of  tlie  work  of  the  Interna¬ 
tional  Health  Division  of  tlie  Rockefeller  Foundation  on  investigatinna  of 
yellow  fever  vims,  and  tlie  tlevelo|Mnent  and  use  of  tlie  mollified  17D  (Asihi) 
strain,  which  was  the  viriis-vaccine  ailn|iteil  for  tlie  Army  on  .30  .laniiary  IfHI. 
Tliese  compreliensive  piildicatioiis  make  it  nnnecesaary  to  review  in  this  place 
the  scientific  and  administrative  aspects  of  the  program  of  yellow  fever  vac¬ 
cination  in  tlie  Army.  The  success  of  tlie  program  has  lieen  discussed  in  ]>re- 
vioiis  paragraphs  of  tliisclia|>ter. 

Although  a  iletaileil  re|x>rt  of  tlie  outbreak  of  hepatitis  associated  with 
vaccination  against  yellow  fever  is  made  imim-esHary  hy  otlier  articles  on  thst 
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subject,  lie  vert  llple^is,  a  siiiiiiiuii'v  of  (he  ex|ierieiM-e.  with  some  iHlililioiml  iiin- 
teriiil,  is  ii|i|>ru|>riiite  ir<  this  place. 

Outbreak  uf  Pust\ arcinatiim  Hepatitis 

III  li)42,  the  yellow  fever  vii<-ciiiati»ii  pnifrmiii  was  nearly  wns'kiNl  by  the 
.\i'iiiy-wiile  (iiitbreiik  of  lie|i)ititis  ( jiiiiiulice)  which  followml  ilie  inlininisi in- 
tioii  uf  certiiiii  lots  of  the  voci-iiie  piepiiml  by  tlie  Intennitioniil  Health  l>ivi- 
siuii  of  the  K(M-kefellei‘  Foiiii<l)itioii.  Tiiis  oiiilimik  of  hepatitis  has  lireii  fully 
described  by  Colonel  I>in>j,''’  by  I’liiil  and  (Jniilner,*"  and  by  Wslker.''  .\t  the 
time  of  the  outbreak  uf  he|Mitiiis,  tlie  .Vriiiy  Kpideiniolo};i<‘al  IbmnI  was  in 
o|ienitioii.  Full  use  wos  i;;:i(le  of  the  Ibaiitl  mid  of  some  of  its  ('(aniiiiiotions 
to  attack  the  iicolileiii  in  sii|)|ileii<em*ilion  of  tlie  work  of  .\miy  |iersiNiiiel  in 
military  caiii|is  niul  laboratories.  Kx|iert  advice  on  |M>licy  and  pna-eilures  was 
thus  (ditiiiiietl.  Fi'oiii  the  investigations  iiiideriaken  by  the  IbianI  and  (‘oni- 
iiiissions,  ami  coniiiiiie4l  since  lh4:i.  iiii  iibinidaiice  of  new  si'ieiniKc  infornmiion 
about  liepiilitis  Inis  lH*en  olitnine«l,  of  tfieat  value  to  civilian  and  military 
iiieiliciiie.  For  iiKiiiy  details,  tlie  render  is  referred,  in  addition  to  tlie  sources 
jn.st  eiteil,  lo  tin*  inonof!raphic  piiblH-otions  of  W.  .\.  S^awyer  and  aiosanates.'' 

The  outbreak  of  IwpntitiN  calleil  simply  ''janiidi<-e“  at  the  start.  Iiepin 
ill  February  1942,  almost  siiiiultMiieiNisly  aiiKni^r  tr«si|is  at  staliiais  far  a|Nirt— 
in  the  continental  Ciiiteil  States,  in  I^iiin  .Vnierica,  in  Hawaii,  in  various 
islaiidsof  the  PaciKc.  ami  in  Itiirimi.  It  ta-ciirrefl  later  Hnioii)r  iria>|is  in  Knro|ie. 
ill  North  Africa,  in  .Mnskii.niid  in  iiiaiiy  other  Ua’alions. 

The  |ieiik  of  the  outbreak  of  laistvareiniil  lie|wtitis  was  readied  in  tlie 
Inst  week  of  .lime  Iit42,  ami  the  whole  was  coiiiaiiieil  within  the  year 
From  late  Fehriiary  lo  SI  I)e<'eiiila*r  |!M2,  there  were  re|»orteil  49,111  caaes  of 
lieiMlitis  with  81  deaths  It  is  known  to  ibis  author  and  to  otliers  that  tliere 
were  many  iiiire|Mine«l  cases  of  mibi  or  mniiclerir  lie|Mtitis  (|Ka«>ibly  several 
tlionsaiid)  following  the  adiniiiist  rat  imi  of  certain  hasof  yellow  fever  vaivine. 

()n  tlie  Imsis  of  previous  kiiowlrilite  and  drciinislanlial  proimbilities.  it 
waa  decided  in  .Vpril  1942,  at  the  Oflk'e  of  The  Siiritnai  General,  that  this 
outbreak  of  lie|Mtilis  was  due  to  the  small  mrmiiiiii  (t>.iH  <r.)  of  limnan  senini 
wliidi  was  ill  eacli  ikav  of  van'iiie.  Tlie  previiais  kiMiwIeiljre  alaait  “senim 
jaiiiiditr,”  or  lie|Hititis,  aiMK-ialeil  with  yellow  fever  vaivine  containiiiir  liiiiiian 
aeniin  was  derived  fniiii  e.Y|ierieiices  with  this  ty|>e  of  vaivine  in  .\frica  and 
Brazil  liefore  1942.  Tlie  I'irciiinslaiilial  eriileiwv  that  tlie  vaivine  was  ictero- 
treiiic  was  proviiieil  by  a  }nvai  mass  anil  variety  of  epiileiiiiohi|;H'  data  from 
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Antir  ]M)sts  iiikI  ciiinps.  Piv|M>ii<lrrniitlv.  oiilv  tlu«  vnci'iiiiitpd  lintl  lie|mtitis 
iiikI  jiiiiiulu-e  while  the  iioiiviicciiiutMl  in  the  siiine  lucntinii  were  nut  iitTected. 
The  curves  or  forms  of  the  oiithrenks  of  IiejMitilis  wviirriiifr  from  IK)  to  12tl 
days  sifter  vacciiintiuii  were  smnll  replicas  of  the  viicciiiitlioii  scliediiles,  ii 
sim|de  relntioiisliiii  which  tliis  iiiilhur  ciilleil  "pictorial  epideiniolojrj-.’’  The 
experiment  SI  I  proof  that  ii  certain  lot  of  vaccine  was  icfei-ojreiiic  was  not  pro- 
vi<Ie<l  until  2  yeti’^  Inter  when  Iniiniin  vuhmteers,  inje^ietl  witli  this  niiiteriiil, 
develoiied  lie]iiititls  sifter  the  exjiectwl  lonp  inciihulinii  ])eri<Ml.  Althoiii;h  a 
long  tiniB  was  required  to  sisseiiihle  all  the  evidence,  tlie  case  was  considered 
to  lie  sufficiently  estiililislieil  liy  IS  April  1942  (alioiit  6  weeks  after  the  liegiu- 
niiig  of  the  oiitlireak)  to  require  dis(*oiitiiniiitioii,  at  least  teinisii-arily,  of  the 
sernm-coiitniiiiiig  vaccine  prejaired  by  the  liiteriintinniil  Health  Division  Lnh> 
oratories  of  the  liorkefeller  Foundation,  and  to  use  instead  the  a<|iieuns-lNise, 
senmi-frec  vaccine  prepsiretl  by  tlie  Rocky  Moinitiiiii  I.ialK)riitory,  Hamilton, 
Mont.,  of  the  U.S.  I’lililic  Health  .'service.  The  Iiiteriiatioiinl  lleallh  Divi¬ 
sion  I.<abonitories  of  the  Rwkefeller  Foundation  quickly  turned  to  the  manu- 
fsictiire  of  aqiieoiis-lmse,  sennn-free  vatrino,  and  Inrjte  qinintities  of  tliis  vac- 
I'ine  were  then  produced  for  n.se  by  the  Arineil  Forces.  Tlierenfter,  there 
were  no  proveil  i-ases  of  he|>ntitis  ii.ssociated  w'itli  the  ndiniiiistrntioii  of  this 
vaccine. 

As  it  had  been  known  that  hnm,in  serum  might  contain  the  virus  of  hepa- 
titi.s,  it  Wii.s  believed  that  by  careful  selection  of  donors  and  by  heating  the 
sermii  at  ■'iO'’  ('.  for  one-liiilf  hour,  the  risk  would  lie  greatly  reduced  and  the 
virus,  if  present,  would  lie  inactirated.  llofh  jirecaiitions  bad  Iseen  oWrved. 
Neither  proveil  to  lie  ndeipiate.  Histories  are  unreliable  guides  for  deciding 
whether  or  not  an  iinlividiiiil  limy  lie  currying  the  icterogenii*  agent  in  bis 
bliHHl.  Isiter.  it  was  found  that  tlie  agent  is  heat  resistant  and  is  not  inac¬ 
tivated  by  e.xjKisnre  to  a  tcnqieniture  of  riG'  C.  for  one-half  hour. 

As  tlie  vaccine  contniiieil  viable  (ntteiiiiateil)  vims,  the  suspicion  that 
the  outbreak  of  jaundice  following  vaccination  was  yellow  fever  arose  at 
once.  Only  those  who  bad  to  deal  with  the  situations  can  appreciate  the 
iilarm,  fears,  and  stres.s  which  this  suspicion  aroused  among  civilian  and  mili¬ 
tary  henith  officers  in  the  Mississippi  Valley  in  the  spring  of  1942.  Tlie  dread 
of  epidemic  yellow  fever,  recalling  the  disaster  of  1878,  was  u]>pre8sive.  Re¬ 
assurance  was  available,  during  one  stage  of  uncertainty,  from  the  studies 
made  earlier  hy  members  of  the  staff  of  the  International  Health  Division 
of  the  Rockefeller  Foiindation.  Tliey  bad  shown  that,  although  active  yellow- 
fever  vims  apjieareil  for  a  short  time  in  the  blood  of  men  and  animals  vac¬ 
cinated  with  the  17T)  strain,  it  could  not  be  spread  by  A.  ntgypti  mnsqiiitoes 
fed  iqioii  such  subjects.” 

As  may  be  readily  n]iprecialed,  the  outbreak  of  postvaccinal  hepatitis  in 
the  Army  hi  1942  luA  <mly  iiffecfe«l  inilitnry  ojienitions  lint  also  involvevi  in- 
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numerable  relatioiighips  of  the  highest  importance  within  the  Army  and  the 
QoTcninient.  It  was  of  major  concern  to  relations  with  health  officers  of  the 
States  and  with  militaiy  and  civilian  officials  overseas.^ 

Quarantine 

Quarantine  against  yellow  fever  and  other  diseases  was  a  field  of  major 
concern  to  the  Preventive  Medicine  Service.  Colonel  Kiiies*'  has  reported  at 
length  on  the  problems,  regulations  and  administration,  and  the  complexities 
of  the  national  and  international  relations  involved  when  worldwide  military 
operations  come  into  contact  with  the  civilian  commerce,  politics,  anil  health 
protection  policies  of  foreign  countries.  One  section  of  the  chapter  deals  with 
yellow  fever  quarantine.  It  is  so  complete  that  little  needs  to  be  added  here. 

The  main  difleiences  with  resjject  to  yellow  fever  quarantine  were  between 
the  requirements  of  the  Government  of  India,  with  its  associated  agencies, 
such  as  the  British  Inter-Departmental  Committee  cai  Yellow  Fever  Control,” 
and  the  requirements  which  the  I'nited  States  regarded  a.s  scientifically  justi¬ 
fied  and  reasonable.  Colonel  Knies  covers  these  differences  in  detail.  Suffice 
it  to  note  here  that  until  1944  the  Indian  Goveniiiieiit  required  for  entry  from 
or  through  an  endemic  urea  of  )’ellow  fever  ( 1 )  vacciuat  ion  1C  days  previously, 
and  (2)  revaccination  at  the  end  of  2  years.  Tlie  opinion  of  the  Preventive 
Medicine  Service  based  upon  reports  and  advice  from  Dr.  Sawyer  (p.  S-W)  was 
that  immunization  could  be  considered  to  be  established  10  days  after  vaccina¬ 
tion  and  lasted  for  4  years  or  longer.  Convinced  on  both  points,  The  Surgeon 
General  desired  to  remove  this  hindrance  to  troop  movements  toward  India 
and  resisted  a  foreign  regubtion  that  would  have  required  revaccination  of 
the  military  forces  in  194.3  and  thereafter. 

There  were  prolonged  negotiations  over  these  differences  of  polii^.  Fran 
1941  to  194.3,  the  negotiations  were  conducted  through  the  Department  of  State, 
without  results  and  with  great  loss  of  time.  Later,  arrangements  were  made  for 
direct  communication  and  personal  conferences  in  this  country  and  abroad. 
In  the  midst  of  the  difficulties,  in  1943,  a  high  official  of  the  General  Staff  said 
to  this  author  that  he  thought  that  **after  all  the  matter  was  a  technical  dispute 
between  doctors,  and  had  better  be  settled  directly.”  This  appreciation  of  the 
fact  that  troop  movements,  cargo  shipments,  and  travel  of  many  persons  might 
depend  npon  data  and  statements  emanating  from  humble  scientific  labora¬ 
tories  was  most  welcome,  though  belated.  Tliis  point  of  view  facilitated  the 
develi^Hnent  of  the  foreign  quarantine  program  as  a  whole.  It  led  directly 
to  favorable  adjustments  with  India  throu^  the  visit  of  General  Simmons  to 
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New  Delhi  in  1M3,“  and  with  Great  Britain  and  Egypt  througli  the  visits  of 
this  author  to  London  in  1943  ”  and  to  Cairo  in  1944.** 

The  opinion  of  the  Preventive  Medicine  Service  with  respect  to  iinniuiiiza- 
tion  against  yellow  fever  lia-s  been  amply  supported  by  the  results  of  further 
investigations  of  the  Inteniatitmal  Health  Division  of  the  Rockefeller  Founda¬ 
tion,  which  was  the  scientific  guide  throughout  the  controversy.  Summarizing 
the  present  knowledge  on  the  subject,  K.  C.  Smithbum  has  statecl  that  pro¬ 
tective  antibodies  occur  in  the  blood  of  human  beings  10  days  after  vaccination 
against  yellow  fever,  that  the  protective  antibodies  induced  by  the  virus- vaccine 
usually  persist  for  at  least  6  years,  and  that  it  seems  not  unlikely  that  the  im¬ 
munity  is  as  enduring  ( i>os8ibly  lifelong)  as  that  evoked  by  an  attack  of  yellow 
fever. 

SUMMARY 

In  this  chapter,  an  attempt  has  been  made  to  summarize  modem  knowledge 
of  yellow  fever  and  to  show’  its  relation  to  the  yellow  fever  control  program  of 
the  Army.  In  doing  so,  the  chapter  has  been  prepare*!,  in  part,  as  a  supple¬ 
ment  to  the  basis  chapters  on  immunization  and  foreign  quarantine  by  Long 
and  Knies,  respectively.  In  supplementing  those  chapters,  additional  material 
has  been  added  to  the  accounts  of  both  the  general  and  specific  aspects  of  the 
preventive  program  and  the  events  of  its  operation.  The  opinion  is  ventured 
that  all  the  main  elements  of  the  program  were  necessary  and  that  the  program 
was  carried  out  effectively  and  beneficially,  even  at  tlie  cost  of  the  outbreak  of 
postvaccinal  hepatitis  in  1942.  No  douH  the  operation  prevented  some  oc. 
currence  and  spread  of  yellow  fever  and  diminished  risks  to  health.  Whether 
it  prevented  the  introduction  of  yellow  fever  into  India  and  the  Far  East  is  a 
chum  that  no  one  can  make  with  assurance.  No  one  really  knows  the  nataie 
of  the  barrier  that-  keeps  yellow  fever  out  of  those  regions.  Therefore,  it 
behooves  officials  of  preventive  medicine  and  quarantine  to  be  reserved  and 
curious  before  this  mystery,  trusting  that  it  may  conceal  some  principle  yet 
to  be  discovered  which  when  known  will  immensely  strengthen  protection 
against  disease. 
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amlnat  rector  of  aandfly  fever,  121 
an  a  iirei-entlve  nieaaure.  101 
liy  Rritlih,  102 

for  flea  dlalnfeatatlon,  In  piaKiie,  70 
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viral  plioiugy  of,  40 
vlroaea  of,  41.  412-4.1,  .10,  SO-.10 
Dexit,  Brig.  Oen.  Gut  B.,  298 
Ilepartiiient  of  State,  357, 9(W 
Urrmacentar  anifrrioni,  .'(5:i 
ncrmaccntor  rarlabitli,  SSi 
Uc  Rod^,  272 

Deversoir  Field,  139, 141, 142 
Diagnoatic  aeroiogy,  of  typhna  group  of  din- 
eaaea.  182 
Diagnuala,  of — 
dengue.  60 
enrephaiitia.  0, 12 
reiapaing  fever,  107 
DIbntyl  phthalate,  386 
nichlorodiphenvitrichinmethane.  8tx  DDT. 
UlLUlX.  J.  A..  107 

Dlmetbyl  phthalate.  77.  129,  I.31.  136,  138, 
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Filarlania  baarroftl.  1. 2. 4. 03-71 
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OiwratlooH,  (7.8.  Army. 

Mt'cLiJW,  Dr.  P.,  191 
Mflihrlm,244 
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Mump*,  21 

MUnchcii-Oiadbach.  242, 243 
Munda  campaign,  acrnb  itch  in,  301 
Munginao,  HU 
Munich,  246 

Murine  typbua,  6, 175, 266-273, 278, 301 
control  of,  270-273 
deatba  due  to,  268 
duration  of  aruiptoma  of,  267 
geographic  distribution  of,  176, 268 
historical  review,  266-267 
in  Central  PaciOc,  4, 271 
ill  Jamaica.  271 
ill  Japan,  272 
In  Korea,  272 
ill  Mouth  l■aclllc.  4. 272 
ill  Southwest  PaclOc  Area,  107, 272 
III  Zone  of  Interior,  4, 270-272 
Incidence  of,  264, 268 
incubation  iierlod  of,  267 
prevention  of,  270-272 
problem  of,  170 
reaervoir  boat  of,  266 
rodent  control  program  for,  271 
aclentISc  review,  266-267 
suminary,  267 
tranamiaslon  of,  267 
vaccinea  for,  6 
vector  of,  208, 267 
Mvbtbt,  Rokbt  D„  215 
MuaaAT.  Lt.  Col.  Edwabd  S.,  210, 266 
.If  a«  mmsemlm,  207 
Jf  aa  wagiMTl,  267 
MvasouHl,  219 

Mjitkrlna.  Bamia.  197. 204, 200 
HTL  lotia*  powder.  190.  191.  197.  211-212. 
215,220 

appUcattoD  of,  211, 212 
deOniUon  of,  183, 184 
deionaing  with,  225 
Held  teat  of.  tai  EgTPt.  211 
mechanicai  daating  of.  212. 228 

NagaaaU,  61, 262 
Nagora,202 
Nambkam  Trail .  202 
Nan-tlea,  89,91 

Naples.  112. 113. 120. 121. 122,  123, 127.  161. 
204,  214.  217.  2i9.  221.  222.  223.  225, 
226,  227.  228.  230.  231.  234,  238.  242, 
290.282 

DDT  abipped  to,  220 
trphna  in.  180.215, 254 


Napoieoti'B  Army.  181 
Nasapharyngitia.  :t40 
Natal.  364 

National  Health  Adiiilnlstratioii,  China,  197 
National  Institute  of  Health,  ITB.  I’ublic 
Health  Service.  05,  180.  100.  197,  201 
Division  of  Infectious  Diseases  of,  187 
National  Research  Council.  186, 100 
Advisory  Committee  on  Tropical  Diaeaaes 
of.  366 

Committee  on  Chemotherapeutic  and 
Other  Agents  of,  366 

Committee  on  Medical  Research.  MitUoiii- 
mittce  OB  Tropical  Diseases  of,  n.> 
Division  of  Medical  Hciences  of.  188.  ‘Ml 
SATOD8A.  See  North  African  Theater  of 
Operations.  I.’.M.  Army. 

Near  Bast,  epidemic  typhus  in,  17.5 
Negros,  201, 313 
scrub  typhus  in.  307 
Neoaraiihensiiilne.  107 
Neocld.101 
Nephrosis.  150 
Netherlands,  241 
Netherlands  East  Indies,  03 
Netherlands  New  Oalnea,  285. 311 
aemb  typhus  in,  307. 341 
Nennuthenia,  In  scrub  typhus,  287 
Nen8s,242 

New  Caiedonia,  33, 197 
NewDeibi,45.186,370 
New  OcoTfia,  282, 301.  841 
New  Gninea,  30,  31,  83,  43,  44,  49.  60,  52,  39, 
62.  67.  186,  197.  204,  257.  280,  290,  306. 
308.  312.  320,  322,  S26|  334.  340,  842,  344, 
360 

dengue  in.  30. 37 
rnndf  y  fever  in,  124 
scrub  itcb  in.  301 
scrub  typhus  la.  3, 170, 279,  SIS 
New  Oaineu  campaign.  397. 316, 827 
New  HebrMrs,  31. 67 
dengue  in, 82 

New  Jency  8tnte  Frlaoii.  42, 146, 165 
New  Zeeland,  197 
Newfoandland.  180 
Nice,  75 

Nioolu.  CHAaua,  183 

Nlaa,C..182 

NilgaU.277 

NikkA,  262 

Kile  Delta.  209 

Ninth  Rervice  Command,  80 
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Miitli  I'.S.  Army.  242. 244 
Nippon  Soda  4'o..  2.'>0 

Nodulea.  In  eniptiro  form  of  bartuneHoalH.  24 
Nooi’chi.  U..  22. 20 
NoKUchi'H  ouitucv  iiH'dIaiu.  2-'i 
Nonpfroctivoneiw.  duo  to — 
d<*ii(tnp.  3 
Handily  fever.  .4 
aeruti  typhoa.  3 
Normandy.  232. 235 

.North  Africa.  7.5,  HI.  Il».  I7.'>.  ITU.  IHl.  ISH- 
lin.  IDS.  lUO.  200.  207.  212.  214.  215.  210. 
217.  22.5.  232.  iTO.  2tlM.  271.  3.57.  .KK.  ilCT 
North  African  cautiMtlpi.  Ills.  lUH 
North  African  (ViaHt,  M7-8S 
North  African  Theater  of  Uperatlona.  U.8. 
Army.  120.  10.5.  IU2.  lUO.  205.  212.  214- 
231. 2.50 

See  alto  Mctllterraiiean  Tlieater  «if  Oper- 
atloiu*.  i:.S.  Army. 

Nortti  Aiiieriea,  74 
arthro]KidlKirne  diHeanen  in.  4 
North  Raima.  301 
North  t'hina.  01 
North  Sea.  241. 244 
Nurtheni  Aantraila.  307.  .522 
Northern  Hanna.  202.  307. 313. 310.  322 
Northern  (joeenaland.  28.5. 301. 312. 310 
Northern  RhodeHia.  305 
Northern  Territory.  32 
Northwent  Homiha.  27S 
Nobtos.  Col.  J.  W.  R..  108 

OOee  International  d'HyKleiie  Pabllqne.  05 
OOee  of  liend-Iaoiiip  Adniiniatration.  202, 
214 

()<•<¥  of  Si-ientilic  Reaearch  and  I>erel<ip- 
neiit.  .532 

Committee  of  Medical  Hewarch  of.  00.  IWI. 
190 

Inaect  Control  Coniiuittee  <if.  332 
tHBre  of  The  Adjutant  (lenerai.  203 
OSee  of  the  Chief  Surgeon.  ETTOI'SA.  2IH. 
236,238 

OAee  of  the  Chief  Surgeon.  (lenerai  Head- 
quartern.  U8ArPAC.258, 2511 
OtBre  of  the  Quartermaater  General.  238 
Oiace  of  the  Surgeon.  HTOCSA.  252 
(MBce  of  the  Surgeon.  XATOUSA.  200,  213. 
216, 220. 225 

once  of  the  Surgeon,  XXIT  Corpa.  264 
Office  of  the  Surgeon.  T^SAFIMR.  200. 252 
Office  of  The  Surgeon  General,  IK5. 180,  193, 
198. 226, 251, 252, 3.57, 3,58. 367 


Offiee  of  The  Surgeon  Qeneral — Continued 
Medical  StatlatlcH  DIvlalon.  17,  73.  268, 
351 

I*revciitlve  Medicine  Dlrlslun.  211. 251 
I^revcntlve  Medicine  Service,  21.  79,  99, 
176. 185, 203.  2.58.  270 
Supply  nivlalon.  239, 251 
Okinawa.  1 1, 10, 20. 21. 5»,  68 
JapaneHe  B  encephalltiM  on.  i:{-IU.  18 
Okinawa  campaign,  257 
OuTaKY.  P.  K.,  19 

OIjLA.  See  Office  of  la-nd-Ia-aw  Admln- 
iHt  ration. 

Oman,  200 

Operatiun  CORONET.  337 
Operation  OLYMPIC.  2.57 
Operation  OVKRI-ORI>.  232 
Operation  TORCH.  188,  196. 108 
Oran.  87. 88,  92 
Oriental  aore,  73. 76,  TT 
See  al»o  Cntaneoua  lelHbinanlanla. 

Orlando  latboratory.  190. 192. 211 
OmilkiMloroM.  101. 108 
(tnithoSortiM  mip'mrl  Brumpl.  104 
OrnithoSunm  paplUlprm  Illmla.  relapaing 
fever  ve»-tor.  100 

OmlthoSitrup  radia  Karwh,  relapaing  fever 
vector.  104 

OmUhttSuriM  talajf  Un^rln-M^neville,  101 
Ornithinloro*  IkoluztHl.  rrlapalng  fever  vee- 
lor.  lOB 

(IrmilhiHform  Imrirvta,  100 
OmithoSom*  tarirota  Dugra,  rrlapalng  fever 
vector.  103 

OntUhoHitrop  rearraefraaia  Brumpl.  104 
Or»  Bay.  124 

Oro  Bay-Dobodiira  area,  aenib  typhnn  Id,  285 
On^,  23 
Oroya  fever.  23 
See  alto  Rartonelloaia. 

Oaaka.262 
dengue  In,  61 
Olio,  Norway,  2S0 

08RD.  See  Offlee  of  SelentUlc  Keaeareh  and 
Development. 

Otten.96 

Ontbreaka  of  dlaeane.  See  Elpldemicta) . 
Owl-Blak.  313. 342 
aemb  typhoa  In.  278, 2SS,  333 
Owl  bland.  280. 289. 307,  .521, 826,  329 
epidemic  In,  309 

Oxopbenaralne  hydrochloride.  See  Map- 
bnraen. 

OxyletracycHne,  90 
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PABA.  See  Para-aiiiln<il»ux(ilfarld. 

PacIBc,  2.  QT.  123 
Pacific  a  reaH : 
malaria  In,  1 
aandfl;  frver  In,  123-124 
Pacific  Ocean  Area.  271,  STtT 
Pacific  theater,  dengue  In.  2U 
Palatinate,  242 
Palermo,  147 

PalMtInc.  77.  87.  110.  117,  118.  120.  l£i.  127. 

131. 1.32.  1.34. 161.  20n 
PalcHtlnc  Potaab  Coniiian.r,  1.3(1 
Panauin.  00. 01, 104.  111.  1.31. 340 
malaria  In,  2 
Panama  Canal,  3S8, 300 
Panama  Canal  Department,  relaiwlng  fever 
In,  1O4-10Q 

Panama  Canal  Zone,  30. 00 
Panama  CIt;,  00 
Pan  American  AIrwars,  IIM 
Pan-American  Sanltarx  Bureau  (80 
Ftpia  Hamarfryaa,  144 
Papua,  307 

Para-amlnobenaolc  acid.  223. 24.3 
Paraamij,  131 
PariR.  204, 248. 230 
PAaKt.taon,  Brig.  0. 8..  230 
PAaaA8,  Dr.  Thomas.  187. 236 
I’Birtenr  Inst  I  tote.  83.  80 
PSafearrUs  pettU,  81, 86, 87, 05, 06. 88 
Pattom,  Oen.  UnosoE  8..  Jr..  198 
Paul.  Dr.  Johs  R..  110.  117.  135.  138.  141. 
367 

Pearl  Harbor.  00. 188 
Pedimloala,  107 
Pedicalaa  eorpori$,  80 

Fe4intu$  Usmassa  cvrporlt,  rrlapsing  (ever 
vector.  101 

Pedicslsa  Aaa»ansa  var.  earparU,  183. 180 
Perce,  Maj.  Uen.  Aethur  W,.  22S 
Penicillin.  »7 

etfirct  of.  on  course  of  dengue,  40 
In  treatment  of  relapsing  fever,  102. 103 
Peninsular  Base  Section.  121, 22S.  220 
Penrhyn  Maud,  03 
Feromptmt  masleslalBa.  80 
Fetvmpteut  poliesotse,  267 
Persian  Gnlf.  75. 200 

Peralun  Golf  CommaiKl.  74.  77. 100. 181, 134, 
200 

aandlly  fever  In,  110, 117 
Pera.  23. 24. 20. 27. 77. 125, 120. 127. 120. 132 
aandlly  control  In.  128, 129 
Peshawar,  110 


Pestilence*,  of  wsr.  6 
Peteehlsl  bemnrrbafre.  43 
Petecbisl  ru«b.  223 

Piiiur.  Ool.  C.  R..  43. 110,  111,  118.  1X>,  138. 
141. 197.  2T2.  339 

Phllliqilue  IsIsiMl*.  10.  17.  21.  30.  37.  38.  59. 

111.  124.  197.  204.  257.  258.  200.  268.  272. 

275. 278.  279.  291,  292.  301.  306.  307.  311. 

312. 313.  320. 322. 331. 335.  337. 340 
A.  alboplrlu*  In.  31 
deuRue  In.  37 
luularls  liL  2 

miNMiullocitiilml  mesHure*  In.  .37.  .38 
scrub  lyithns  In.  179 
Fklrbotomi.  134. 136, 137 
FkleMomtu,  23.  20.  27.  28.  7.%.  77.  109.  112. 

113.  ll.'i.  110. 120.  122. 124.  123.  127.  129. 

1.30. 131. 133 

control  mesMUres  again*!,  115.  IIU 
bablt*  of,  77 
Lfltkmpnia  vector,  70 
sandfly  fever  vector,  109 
toxicity  of  DDT  for.  127 
Fklebotomim  arpcHtIpet.  76 
Fkltbotoma*  ro/omblaniiii.  27 
Pkiebotvmtu  sM^or,  127 
PklrbotomuM  nopuckl.  20 
Pklebofom»»  pspsisaff,  27.  TB.  112.  113.  115, 

118. 121. 122. 123. 125, 127.  129. 131. 134. 

135. 137.  139, 141. 142. 144. 145.  140. 148. 

1.31. 105, 107. 108 
breeding  place*  of,  113  114 
flight  range  of,  114. 115 
habits  of.  114-115 
life  history  of.  113114 
oriental  sore  vector,  70 
sandfly  fever  vector.  73  113  110.  1.31. 132 
Pktebotomiu  pcalla,  83  87. 05, 00 
Pktebotomut  perflMeiel.  128 
Pkkbotomiu  pcrslcioava,  123  127 
Pkkbalomu*  persesala,  20 
Fkkboiompa  prrmcsmm,  20 
bartoorilosls  vector,  90 
breeding  places  of.  27 
dlstrihatloa  of,  20 
hHbIta  of.  27 
life  history,  27 

Pbotopiiobta,  Id  sandfly  fever,  ill 
PIKE,  J.B..  103 103 
Piurr,  UsJ.  I..  12 
PiROorrs.  Col.  If  auiicb  O..  258 
Plague,  3  79-100 
antlhloUcs  In,  90 
bubonic,  70,  85, 87, 83  05, 00 
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riamie— <'ont  Inued 

rhrnKilirnphyiaxlH  and  tberapj  nf.  llI-ilM 
endemic,  SO.  8S 
epidernhw  nil,  S3,  S5,  87,  80 
biulnrjr  of.  70 
meninaeci,  87 
palholoalcHiidliiaii  In,  87 
pnenmonlc.  K'l.  8«,  87.  88.  92.  03.  07.  »S.  00 
preventive  and  <‘«introl  uieaaureH,  70-02 
In  Aznree,  82 

In  BrItiHh  Middle  Kaat  Fiirce,  70 
In  t'hina.  M>-n2 
In  Dakar,  8,3-8.-. 

In  Eaet  .Arrioa,  82 
In  Eajpt,  KV87 
In  Hawaii.  82 

In  Mediterranean  Baain,  80 
In  PaleKtlne,  87 
in  !!«iiie  of  Interior.  8(MtJ 
on  N'orth  African  Coaat,  87-88 
anminarr.  02-01 
renearch.  (M-OS 

rodent  etaitrol  tueaeurea  In.  80.  88. 1M 
aeptloenilo.  87.  88 
snifonaniidea  in.  88.  on 
aaminary  and  iimiaiaaia.  08-00 
a;rlvatir,  80. 81. 83 
tranamlmion  of.  <1 

nae  of  DDT  for  flea  diainfeatatinii  In.  70 
Taceliialion  aaainat,  82.  85,  SO,  87, 88 
vaccine  for,  0,  82, 83, 85, 07 
Plaitne  Snppreaalve  Service,  U.S.  Ibibitc 
Health  ServKe.  80 
Plaaaiodlam  riear.  15 
Fleacjtnaia,  +4. 45, 158 

Funa.  Col.  IlAEav.  188, 180, 104. 206, 31.5. 2TI 

Pnenraonla,  Inflnenial,  88 

I'otlKiorrale  l*riann.  210, 251 

Pound.  181,  183,  18.5.  200.  233,  241,  230.  251 

Polioencepbaiilla,  17 

Polltieal  importanee,  of  acmb  t^phna.  291 
Polynenronltia,  17 
Ponta  Detaada,  82 
Port  lloreab;,  285 
Port  Said.  85, 80 
Poamva,  8.,  41 
Poatvaecinal  eneephalltia ; 
admlaaiona  for,  17, 18 
ayndrome  of,  17 

Pootvaerlnal  bepatltla,  ontbreak  of,  367-308 

Potaaalnm  anifate,  06 

Prai(oe.2S0 

I*reclpitln  teat.  In  aandfl}  fever.  14.5 
Prefectnre  of  Yauiacata,  Japan,  307 


Prraldeiitlal  Bxecniire  Onler  N<k  028,5.  238, 
2.58 

I'revriitlve  ineaanrea : 

In  llllarlaala,  68 
In  relaiMlna  fever,  102, 10.5 
Preventive  Medicine  DIvlalun,  Ofllce  nf  the 
Chief  Si>r(py.n.  OTOU8A,  108,  232.  233, 
230.  238.  244 

I’reveiitlve  Medhdiie  Dlvlalon,  Ofllce  ivf  the 
Siirxeoti.  NATOI  SA.  21.5 
Preventive  Mnllelne  IHvlalmi,  Oflhe  of  The 
Sitrceoti  tieneral,  2111 
Sanltarj:  Knalneerlna  Branch  nf,  ISO 
Sanitation  Branch  of,  180, 211 
Preventive  Medicine  Service,  Ofllce  of  The 
Snrtteon  Oeneral,  21,  79.  91,  99. 176, 184, 
IMI,  IICI.  2IN>.  203.  207.  2111. 258.  270,  271. 
.^51. 365. 370 
actlvltlea  of,  369 

Civil  Public  Health  Dlvlalon  of.  2:15 
<H>ncem  of.  with  tjrphna  overaena,  104-200 
liiilwm  retatlonKhliw  of,  180, 187 
Medical  Intellifteme  Dlvlalon  of.  19(1 
(leraoonel  of.  In  work  on  typhna,  1S5 
Sanitation  Branch  of,  211 
text  of  nitlllary  pnbllcatlona  preimred  hy. 
193.194 

nae  of  chemical  Inaectlcidea  approved  hy, 
211 

PkiXCK.  K.  si..  115 
I'aiNxino.  KaiEnaK’ii.  179 
I’rlMxiera  of  war,  uilrn>fllarla  In.  68 
ITofeaalonal  Service  Dlvlalon.  OIBre  of  The 
Snrtceon  Oeneral.  185 

Pnitertive  ineaaiirea,  acnlnat  aundfllra,  120 
PmteiiH,  atraina  of ; 

DX-K.  106,  ltd.  278 
OX-2. 182 
OX-19. 106. 182. 223 
Prolcaa  ratparU,  182 

Pnhllr  Health  and  Welfare  Dlvlalon,  SCAP. 
204 

lUblle  Health  and  Welfare  Beetlon.  Oeneral 
lleaihinartera.  SCAP,  259. 294 
lUbllc  Health  Branch,  a-,5.  SHAEF,  236. 
239.248 

Pnbile  Health  Branch.  Civil  Alfaira  Dlvlalon, 
0-5.  HIUEP.  236, 237 

Pahllc  Health  OOeer  (Britlah),  AMQOT. 

RrKlon  111.  154b  Army  Onnip,  222 
PMlrx  {rrilUHg.  141, 142 

Q  fever,  riekettalal  airent  of,  2.53 
Qnarantine,  for  yellow  fever,  350. 360 
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QuartenuaMter  Conia,  191 
Quebec  Conference,  2X2 
Queenaland,  .X2,  69, 340 
Qiilna<'rlne  hydr<M-hi<irtde.  effect  of.  on 
ronme  of  denaue,  40 

RanK<»n,  1 19 
Rao,  R.  H.,  41 
Kaah,  in — 
murine  typbuii,  267 
Rocky  Mountain  e|M>tted  fever,  349 
Hcrub  typhiM,  279 
typhue,  223 

Rasmusuek,  a.  l'„  Jr,.  i2 
Rmlltu  ofeitinrfriiiae,  HI,  207 
RattH!  browHl,  316 
Rtlitu  jlaelprcfae  jtaNNaNCNefe.  SIA 
Rallua  haieatfentii,  92 
Rmflui  norvegtcui,  HO,  82,  H4,  HO,  207 
Rattui  praetor,  316 
Reactlon(a) : 
aemiocicai,  in  typbna,  267 
Well-I'>llx,  182, 183, 223 
in  denme.  43 
in  relapalna  fever,  100 
in  Hcrilb  typbua.  278, 302 
in  typhus,  267 
Prartrat  OX-K  in,  100 
Proeteaa  OX  -IB  in,  100 
Red8ea.86 

Rncn,  Na).  Walteb.  330 
Reeves,  W.C„  18 

Regiooal  isolation,  in  typhns  cunt  ml.  184 
Belapsliic  fever,  4.  6. 101-108 
conciosions.  lOT-108 
dlasiiasla  of,  104,  lOT 
epidemics  of,  101, 102. 108, 109. 106 
In  Africa-Middle  Boat  theater,  102. 100-106 
In  ChIna-nnnua-IiidIa  theater.  162,  100- 
107 

In  Chinese  troops,  107 
In  Barope,  106 

In  Eumpean  theater,  102 .109 
In  Great  Mtain.  100 

In  Panama  Canal  Ilepartmeot.  102,  104- 
lOS 

In  Persian  Onlf  Coaunaiid,  100 
U  World  War  I— 101 
In  Zone  of  Interior,  102, 106-104 
iacldeoce  of,  102-107 
Introductloa,  101-102 
lonaebome,  101, 106 
ntlltary  importance  of,  101 
mortality  in,  107 


RciatMlng  fever— Continued 
preventive  measures  for,  109 
symptoms  of,  IflS 
tickboroe,  101,  lOCt 
transmission  of,  6, 101 
tee-^ tment  of : 

arsenical  preparations  in.  102,  lOK 
penicUiln  In,  103, 107, 108 
vectors  of,  101, 104 
Remaaen,  243 

reorganliatlon,  of  V.8.  Army.  103 
Report(s),  uf— 

essential  technical  medical  data.  74.  2H4 
Joint  Intellljtence  Colle<‘tlon  Aacm-y.  209 
statistical  health.  74 
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